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ABSTRACT

The development‘of a load-and—-go assembler for the CDC

6600. computer written 'in a high-level
in this thesis. A description of
high-level langﬁages for writing this
given along Qith a description of the
The assembler, vwhen linked with the
instructions, can be run on the IBHN

tool for the CDC Compass language.

language is presented
the benefits of”using
type of softwérek is
load-and-go assembler.

interpreter of the CDC

360/65 as a teaching
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CHAPTER T

THE APPROACH TO_HRITING THE_ASSEMBLER

est way to study the various computing machines
and computer languages is by programming them. Since a
variety of languages are available on large computeré it is
possible for students to learn many high-level languages and
the assembly lanquage of the available computer. But what
about tﬁé other computers and assembly languages one may be
required to know at other computer installations? To enable
students to familiarize themsélves with these machines and
assenbly languages, it is necessary for simulatoré and
'interpreters to be written for the available computer.

The initial goals in planning the project described in
this thesis were:

1) To use a high-level language at the start and make any
changss to a low-level langquage later if they Qere deened
necessary.

2) To have a load-and-go assembler since it was felt this

would minimize turnaround time.



1.1 HISTORY OF ASSEMBLERS

Assemblers;rwere. tle first translatofs. An assembly
language is essentially a éymbolic representation of the
machine code with a bne-té—one conversion ratio. In two
passes through a ~set of‘ instructions, -assemblers first
produce . a symbcl fabie and then convert the symbolic opcode
and addresses to machine code.

Some computers were hard fb prograﬁ in their . own
machine language and - this encouraged the development of
programaming languages. The first commercially available
computer, the Uhivac I (1951), was vrelatively eésy to
program in its’own code.s It was ‘a deéimal, alphanumeric
machine’ with mnemonic instructions that were easy to
remember and use. The 12-character word made scaling of many .
fixed-point calculations fairly easy. It was noi alwvays easy
to see the advantage of assembly systems and compilers that'
were slow and clumsy in a machine of only 12,000 characters
~of high-speed storage (200 microseconds average access time
per 12-character word). -

fhe IBYM 701 (1952) was the first ccmmercially marketed
large-scale binafy computer, The best known programming
language on the 701 was Speedcode {a language that made the
one-address binary fixed—pointv machine appear to  be a
three-address decimal  floating-point computer with index

registers). More than almost any - language, Speedcode



Jdemonstrated the extent to which users were willing to

sacrifice computer speed for the sake of ‘programming
convenience.
The IBM 650 was an easily programnmned drum~computer.'It

lacked floating-point hardware, a feature that was later

 available;: A program'could be optimized by proper placement
of the instructions on the drum. SOAP (Symbolic Optimizer
and ASsembly Program)  d4id the assembly and the optimizing

for the programmer. The optimization feature of this progran

made it valuable to the programmer.

With the introduction of magnetic core storage the IBH

704 was produced with many hardware features that = had

.~ previouslv Dbeen software features, such as index registers

and the ability to do floating-point arithmetic. These

features removed the necessity of interpretive systems such

as Speedcode. SAP (Share Assambly Prdgram) was an early

assembler used on the IBM 704 computer in 1956. These early.

~asseunbly languages were much like the MIX (see XKnuth vol. 1)

assembly language. Both computers and assemblers'became more

7‘compléx with the coming of machines like the CDC 1640 and

"the IBM 7090. These machines are similar to the MIX machine.

After two 'generations most assembly systems becane

full-scale computer-oriented compilers with features such as
extensive libraries of subroutines, macro generators and

~program organization features.



1.2 IMPLEMENTATION LANGUAGE

The aimsfof this projectAwére to create a teaching tool
for studeﬁts and to experiment in writing computer systenms
'in'high-lével languages. The teaching tool is the resulting
interpretive systenm for the CDC 6600 computer, wfittén in
FORTRAN. -

FORTRAN was chosen as the high-level 1language for
several reasons:

1 The WATFIV compiler was available for testing
algorithms and modules as they were written, allowing fast
turnaround and giving good error diagnostics.

2) ‘The FORTRAN H compiler {14] waé available. FORTRAN
H is an optimizing compiler and removes inefficiencies 1in
the user!s source code. Other extra features, not available:
in most FORTRAN compilers, make it an exéellentvcompiler for
writing software. FORTRAN H allows the use of LOGICAL¥*]
variables, which permits the comparison of characters one at
a time. The'function SHFTR({L,¥) is a built-in function which
allows vou to shift a bit string L, N places to the right.
The~o§posite left shift function and other bit manipulatioﬁ
functions are also available.

3) Since a FORTRAN IV compiler is available on most
large machines, the interpreter can Se run at other
installations with few modifications.‘ Although there are

differcnces Dbetween the various FORTRAN conmpilers, the



program can ‘be run ’Qithoﬁt éxtensiﬁe réwriting ‘of the
program.

" 4) Most students of.computer science are familiar with
FORTRAN and will be able toAmodify or add to the simulator
if this is desired.

5) It is easier to code in high-level languages and‘
easier to debug the code. Program bugs are difficult ﬁo find
and fik in software written in assembly languag=. ’

6)' In most cases the number of sratements required to
write a givén algorithm is less in the high-level language.

7) \High—level languages make it eaéier-to write large
nrograms. This results in the development of better software
uslng less computer time. The average programmer dogs not
write better code than FORTRAN H produces when they write in
assembly language. Thus it is‘ guite likely that systenms
written in high-level languages would be better than those
written in assembly languages.

The Burrdughs 5500 operating system was written in
Algol 60. The operating system has all the advantages 'df’
being written ’in a high—-level language and is also fast,
efficient, and small in program size. These features are
thought to. be reserved for systems written in asseably
-language. With the availability of éood aptimizing compilers

this need not be true.



1.3 SPECIFICATIONS FOR THZE ASSEMBLER

’§ Tﬁis project consisted of- Q;iting a load~and~go
aésembler which would simulate the CDC Cémpass assembler. An
IBMQ360/65 was uéed as the host machine for the load-and-go
assembler. Some of Compass's édvanced features such as
miCros, macros and maﬁy of its psuedo-opcodes were left out.
This omission provided for a simpler language. Because the
aésémhler's main purpose was to be used as a teaching
dévibe,ksome special properties were added to the assembler..

'\These desirable properties of such a teaching ianguage
are §iven belows: |

"ij The assemblet.should not require a large amount of
core. HWe considered a limit to be about 100X

’2) Batch processing should be availablé,

iBj ‘Turnaround should be very fast.

W Error diagnostics should be very good and simple
debug features should be available.‘For examples see below.

; ‘The'assemblet has all of thése features. Each error
diagndstic includes -a  brief de#criptionvof the error. For
exampie; the statement | b |

SB2 B1‘
will cause the error message; ’
-$$$ERROR$$$——- STRING B1_IS NbT AN‘ OPCODE. PROBABLE
CAUSE, HUISSING BLANK. | “

- The above error occurred because the opcode started before



column three of the catd.‘
‘Since the assembler was written for student use it has

many error messages to make debugging easier and has special

debug features not available in the Compass assembler. These

are the TRACEON and ‘TRACEOFF features that allow you to
trace the execution. of the program  instruction by
instruction.

The combined 'aéSembler—interpreter [&] takes 102 K of
core to run." Batch processing is available and turnaround
is very fast. The program assembles statements at a rate of

more than 6000 cards per minute.:

1.4 SIMULATORS _and INTERPRETERS

‘Simulators and interpreters make the host computer“

minmic another compdtér or complex system through software.
Interpretive assemblers differ from real assemblers in that
the machine code prodﬁced is not generally for’the host
machine but for an interpreter that translates and executes
the aésemhled~code on the host machine.

Machines are simulated to give students other examples

of computers to study or easier machines to study. The
Spectre, Gamma 70 and Mix comnputers are examples of
simulated hypothetical computérs that are easier  to

understand and program than most real machines. In the

hypothetical machine, many features are left out so that

7.



“only a very basic machine is produced. It is used as a

teaChing tool to enable students to better .grasp - the

'lﬁorkings of a basic stored-program machine. A short

 des¢ription of the SPECTRE ,machine is given’ here as -anf““

:example.
| The Spectre machine is a simple cénfiguration with an
input unit (card reader), an output unif {line printer), a
" central memory of fOOO words, a central processdr and an
‘atithmetic_ ﬁnit. The machiné, has 2 'registers used by
_ pfdgrammers for arithmetic dperations,'tbe AC {Accunulator),

7and the MQ (Multiplier Qnotient) and 2 -internal - registers,

'thg IAR (Instruction Address ' Register) and the IR

{Instruction Register). Each ‘Tegister = holds a @ ten-digit

signed integer except the TAR which holds only three digits'

) (the address of the next instruction to be executed). The IR

" holds the instruction currently being executed.

The memory of thekspectre computer;holds 1000 ten—digit‘

signed integers With values between -9999999939 and
‘+9999999§99. These are addressed 000 to 999.
The'machihe can be programmed directly in machine code;,

wor-in the assembly language, Spectre MAP. The assembler is a

simple two pass program that does a one—-to-one conversion of

‘“the symbclic opcodes and addresses to the  machine
equivalent. Since there are no 1index registers, address

modification is used to perform indexing. Spectre is written



in iBM 360 assenmbly ianguagé as othér siﬁulators have been.
’Withvour simulator,istudents are able to study. a  new

assembly ‘lanjuage - that runs on a real computer and

familiarize themselves with a cémputer quite different in

design from the IBM 360/65, the host computer.

1.5 A DESCRIPTION OF THE CDC 6600

The CDC 6600 is similar to the oldér model CDC machines
in many ways: |

1) The number of possible opcodes is 6ﬁ.

2) The machine uses binary vepresentation for numbers.

3) One's complement notation is used for negative numbers.
This means there are two zeros, a plus zero and a minus:
Zero.

‘Thé word'iength in CDC machines increaéed from 48 Dbits
in the CDC 1604 and CDC 3600 to 60 bits in the CDC 6600. The
CDC 6600 computer is a large multipurpose machine with up to
10 Peripheral Processor Units {(PPU's) which handle all ‘I/d.
The PPU'S» can do a small amount of a;ithmetic. EFach has a
memory of 4096 words of 12 bits each. The PPU's are assigned
communication areas of 8 60-bit words each in central
‘memory. The first word is the input.register and the second
the output register. The remainder is a message buffer. Each

" PPU has a 18-bit accumulator register and a repertoire of 61




1nstructlons. The computer has 12 data channels. PPU‘S‘ éan
read brv write, u51ng perlpheral equlpment, into thelr own
memnory using any of the channels and can read or write
directly into centtal memory. from théir'own memorY.

The Central Processor Unit (CPU).does the computing. It
has access to a central memory of‘upkto 131,072 words of 60
bits each. .

Input to the central memory is received as‘five-12*bit
words combinéd in a buffer and transmitfed to oﬁe V6O*bit
word. fdr output the CPU can set a word in memory for a PPU
to read.v | |

A:floating-point number is represented in memory as
k;2*¥n,f where 2000 ({the bias‘base 8 br excess 1024 base 10
notation) + n is stored in the ’12 high-order bits" {the.
' leftmoét bit being the sign of the number), and k (the'
integéf portion) iﬁ the other 48 bits of the 60-bit word.
The representation of the 60 bits labelled from right to

left by 0,1,2,++...59 is given below.

159 - _u8]u7 ) 01

151 EXPONENT__1 INTEGER_k 1

If n (base 8) is negative, it is changed to one's complement
notation and added to 2000. For example (the following
numbers are base 8), if n is -1 it is converted to 7776 and

‘added to 2000 giving 11776. The high-order octal digit is

10




"ignored; 'giving Ha>biased,exponént of 1776;4Tﬂerefbfe there
are tﬁc‘zero exponents, 2000 and 1777. 1777 is minus zero
and is used for indefini£e results.

'CPU  instructions can be 15-bit instructions or 30-bit
instructions. Respectively, they take the following forms
fm i J k or £m i‘j K. The fm part is a 6-bit function code
{opcode). The' parts i, j; and -k are 3-bit register
designato:s. The part K in the 30-bit instructioﬁ is an
18—bit‘addreés. The 60-bit words of memory can be filled
with two 30-bit, four 15-bit or oﬁeVBO—bit and tﬁo 15-bit
instructions. Any one of these can be a ﬁull‘operation.

The CPU has eight X registers, eight A registers and
eiéht B registers. The 60-bit X registers act -as
accunulators, the A registers hold 18-bit addresses and the.
©18-bit B registers are fo: indexing. A and X registers are
linked so that the follo&ing funétions occur - if - An is
referencedg

1) n=0 no effect - on the X registeré.

2) n=1,2,3,4 or S he contenfs of the address reférencéd
by An .are lpaded into Xn.
‘3) n=6 or 7 contents of the Xn register are unloaded into
the address referenced by An.

‘There are ten distinct functionél units in the CPU  to
speed execution. These units are the floating add unit, the

long add unit, the divide unit, the shift unit, the boolean

M




unii, 'thg‘branéh'uﬁit, two multipiy units and~two short add
unité;ﬁEssentially this means that'ften operations ‘can be
rnnniﬂg simultaneously 3if the prograrmer can make the best
use of the machine. The CPU hasy an insttﬁction stack of
thi:tj—two, 15-bit registers to hold instructions prior to
execﬁtion, saving fetch time.

 .Afprogram is initiated in the CPU when a PPU loads the
program into central memory. The PPU must build an 'exchange
juméfpackage' and then do an exéhange jump {an exchange Jjump
is é " special PPU opcoﬂe, see: below). This package is a

sequence of sixtesn 60-bit words in central memory which are

us2d to set the initial values of the registers A0 to A7, XO

to X7, 81 to B7, P, RA, FL and Eﬂ. The P {Program Address)

register is the address of the next CPU instruction. RA is-

the reference address, which is used for program relocation.

v

Any - reference to a memory locatien X in the  program

(

autghatically'becomes K+RA, making prograuas relocatabie. FL
{Field Length) defines  the number of consecutive memory
locations used by the program. The CPU will stop if the
progran references an address outside the range specified by
RA and FL. EM (Exit Mode) defines the conditions that are
allowed to stop the opsration of the. CPU.

The exchange Jjump 1s a PPU instruction specifying thé
~address of an exchange packagje that is currently in memory.

The initial conditions for the next program are set storing

12




‘f thé.previQﬁs'contents of 1, X, S, P,yﬁA, FL andiEM registérs
’ 1h the ‘exbhange package. That is, the exchange‘§ackages of
‘the 014 and new progtams aré;interchanged and the. o?eration
Aiof ~the new progranm starts,at the instruction in location
. P+RA.

| ‘,'The”SCOPE'operating system uses ohé PPy for«the system
~display routine, ani one aé the Monitor PPU, which keeps
continuous watch on the progranm operéting in the CPU and
" passes messages from the-proqraﬁ to other PPU‘S; The HMonitor
“is.in perhament overall control of the System. Other PPU's
'qannot' pefform. aﬁy function not approved in‘adﬁaﬁce. The
eight other PPU's remain in a pool, looping on a. read of
“their input register until a tequest is received. The
‘Monitor selects a PPU and instructs it to carry out the-
opération by putting a significant word into its input
register. The P2U obeys any Trequest, then indicates to 'thé
Monitor wvia its ontput buffer that it is finished. Tﬁe
Monitor periodically reads the output’:egister of . each PPU
loéking for reguests and zefoes the’registers wvhenever the
réguest has Dbeen satisfied. The ﬂohito: aiso handles

requests from periplkeral aevices and allocates a PPU to
ptocess these Jjobs. PPU's are primarily slaves of the
"Monitor Dbnut occasionally a PPU must reguest cooperation 6f
other PPU’s. Thes= tequests a:e‘routed through the Monitor.

To prevent two DPPU's from trying to wuse the same I/0

13



-channel, the Moniﬁor maintains a liSt'of chanhels and ’their
status. A PPU must requeét the Ménitor to assign a channel
to it. Commonly used PPU programs are stored in céntral
Memory .

The CDC 6600 1is a multiprogrammed computer. The
executing program requests I/0 by storing the regquest at a
specific location in memory and stopping. The Monitor then
acts according to the type of I/0 requested. If it is a
buffered request, +the Monitor accepts the reguest and
restarts the program. Later the CPU can examine ‘a 'flagk to
see if the requestAhas been fulfilled. A circulat buffer is
used and the PPU Can £i1l it at the same ‘time the CPU
empties it. If it is an unbuffered request, it implies that
the progran cannotfcontinue until the reguest is fulfiiled.

"The Monitor passes the reguest to"a PPU, then does an
"exchange jump to start another program. Later when the TI/0

"reguest has been completed the first progrém can be
restarted. '

The Compass assenbler runs under the SCOPE operating

' systenm. Compass  language is similar .to most advanced
assembly languages iﬁ that it has ~macro capabilities  and
many pseudo—opcodes. The main difference with respect to
6ther languages is that the Compass opcodes depend on the

operands. That 1is, the machine language code cannot be

produced until the syntax of the operand is known.

14



‘A detailed description of theleanguage and register

 5usage,may be found in the Compass Reference Manual. 113]
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CHAPTER 2

USING HIGH—- LWVJ LANGUAGES

2.0 INTRODUCTION

The ldad—and—gb assembler was written totally 1in
FORTRAN H except for the subroutines to do I/0. This seems
1to be a much better approach to writing large programs than
‘writing them in assembly languages. There are reasons for
using assembly languages but with, the developmenﬁ*’of
1compilers for writing systems software that produce good
optimized code most of the benefits of ‘uSing assembly
“language disappear. However, it is felt that a knowledge of
assembly language and the computer being used aids in the

writing of gocd code in high-level languages.

2.1 HIGH-LEVIL_VS LON —LEVEL LAVGUAGES

The quallty of code produced denends on the ‘programnmer
and tha compiler or assembler being used. The code in
low=-level 1anguagéslis nuch more dependent on the programmer
than the code from a. highflevél language. The FORTRAN H
’ compiler will fix-up ineffi?ient FORTRAN cbde for - the
programmer in . many cases. Code is not improved by
“assenmnblers. |
It ié possible for a good assenbler programmer- to

outcode +the FORTRAN H compiler but only with a lot of work

16 -




to ensuré‘that the code being written is optimal. Lafge

systems’take much fime to develop in any languagdee. This t;me
could bé reduced by using high—level languages. |

 The‘ following .two guotations discuss the,poéitive and
‘negatiﬁe aspects of assembly coding.

" There are a number of reasons why assembly language
is used. ' ~

1)  Asseably language has no peers for producing
efficient programs, that is, programs  efficient in
teras. of compiled program size and speed of running.
Efficiency does matter. People often pay 1lip service
to it anid then write extremely inefficient prograns.
High efficiency reduces operating costs and makes
things possible that are inpossible if the programs
are’ 1inefficient. Two examples are fast - comnsole
responsa to filing operations in a amulti-access systen
and wringing the most out of a small (say 8K) machine.
The "~ skill and ingenuity of the programmer also have a
great effect on the efficiency, but this is Jjust as
true for high-level languages as for assembly code.

2) Asseably language enables you to get as close to
the machine as is possible. It does . not prevent any
operation that the machine is capable of executing
from being projrammed. This is certainly not true of
high-level languages. Further, - the discipline of
‘learning assembly language ensures that the programmer
learns about the machine. High—level languages screen
the prcgranmer from the machine. While this attribute
is highly desirable in many  applications, systen
programs can benefit from the programmer thoroughly
understanding the actual machine and its capabilities.

3) Assembly language can be quickly compiled; this is

a great convenience when developing ©prograns,
especially on-line with a single user or multi-access
machine. : : :

4)y . On-line debugging systems are an enormous aid to

debugging at the assembly language level. Typical
facilities are interrogation and setting of registers,
searching for bit patterns and break points, free
running and interpretive execution and so on.
Correction of errors with high—-level languages



‘ normally involves editing = the source document,
recompiling and reloading. :

5) Assembly language systems do not require the use
of a run-time system to perform functions such as
space allocation. This leaves the. system programmer

_with the maximum flexibility to organize his system
program to suit the problem at hand.” [6]

For these reasons almost all sjstem programns are
written in assembly language. Are these reasons sufficient
to make prograrming in assembly language desirable?

" The ansver is no, but unfortunately'it is still the
most suitable language on many machines. Briefly,
because they are  well known, the very grave
disadvantages of assembly language are: ,

1) - ’Aparf ‘from the few who delight in 'such
intricacies, wmost people find assembly language
programs harder to write, read, understand, debug and
maintain than high-level language programns.

2) It provides the poorest conceptual framework for
the programmer to express the computing operations he
wants performed.

3) It is completeiy machine depéndeht, thus requiring
any machine language progran to be completely
‘rewritten when it is +transferred to a different
machine." {6] Co

Since programming in assembly language is undesirable
for these reasons, methods must be found to take advantage
of the good properties of assembly languages. Compilers can
produce efficient <code if they are well written and have a
good optimization feature, such as the one in the FORTRAN H
"compiler. Machines <can be designed to be compatible with a

high-level language. The B-6500 was designed with this

feature in mind. Debug features of debug compilers can be

18




just as fast and efficient as the assembly language debug:.
features, and also can be much easier to use. For example;
WATPIV produces excellent diagnostics.

“why have almost all systems'in the past been written in -
assembly languages? "This has been true because of the
advantages "of assembly languages as mentioned above and
because the code most high—level languages have produced 1in
the past has been very inefficient. This need not be the
case. Other advantages of high—-level languages make thenm
very;acceptable_for writing large programse.

' ® The advantages of coding in a high-level language
“1ie in increased programmer productivity, fewer bugs
in the code, fewer programners required, increased
‘flexibility in the product, . treadability' of the
source. code ('self-documentation') ~and some degree

(unspecified) of machine independence ({better called

tportability®)."™ {2] '

"% portability is the property of 'a systen which

permits it to be mapned frcm one environmant  to a
different environment.™ [8] :

Thus using high—-1level languages can have many
advantages. dith improved compilers having = built-in
optimizing ..features, it wseems 1likely that high-level

“languages will be used much more in the future for writing
syétems-software. |

|  It seems that having both 'a debug compiler and a
production compiler is a good approach té produce efficient
prograiss in high—-level 1languages in a relatively short

period of time. It is unlikely that a good debug compiler

19



can’;also.vproduce gpod, efficient code and be efficient in
both areas. Therefofe, it is reasonable to have compilers.
such as WATFIV for debugging and one, such as FORTRAN H, for
producing good code..This is the approach that IBM seems to
be taking with their new PL1 compilers. With this approach
‘most error checking could be taken out of +the production
compiler and the error <checking would then be done
before—hand~using the debug compiler.

Assembly 1anguage still. has a rlace ih- producing
software until a good system writing compiler is produced.
 Where Sections bf code aré found to ke very inefficiént and
it is felt that writing the code in assembly language would
produce a significant improvement,.it would be reésonablé td
do this. This was doneAWith the CDC load-and-go assenmbler, -
The I/0 routines were replaced with = assenbly language
subroutines, which avoided the use of FIOCS and resulted in
much shorter run—-time for the program. Thi; mixéd 1language
development approach is being taken in many systems to-day;
for example, .in programs such aé‘SPSS. |

Writing software in high-level languages has already
produced some very good syétems and programzs. For example;
FORTRAN H was written in FORTRAN H.

" I want to defend the TFORTRAN H compiler. It is
perhaps the most complex FORTRAN compiler that has
ever been written. It is unfair to compare it with
compilers written in machine language, that do not do

the same functions. It is indeed doubtful whether it
could have been written in anything but .a high-level
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language. I know of other successful uses of
high—-level languages for writing assemblers and
compilers. The point of using high-level languages ‘is
to suppress unnecessary detail, which ~is vital in
ccmplex problems.™ [ 7] -

If high-level languages are used extensively for
writing systems software, it will be reasonable to design
computers that are well integrated with the 1ahguage being
" used. The hardware will be designed so that the computer can
perform the software functions as gquickly as possible. Thus

the computer should be very fast when using the language for

which it was designed.

The: 546500, a Burroughs computer, was designed so that
high-level languages (especially ALGOL) could be used
exclusively in programming the machine. Making the hardware
of a computer compatible with a high-level language seems to
be a ?éry good approach for producing good software.  The
following guotations indicate a growing trend to promote the
use of  high-level languages in all areas of softwar=z
writing.

" For almost a decade now, the people in Burroughs.
have 'been writing their <ccmpilers and operating
~systems in higher-level languages, primarily ALGOL 60
or ALGOL 60 with extensions. - Many say that the
software systems "that have been delivered are quite
respectable." [ 1] :

" The implementation of the operating systems and
compilers by wuse of higher-level languages (and all
that it implies) is one of the most iamportant (if not
the most important) reason for the success that the

software provided with +the B-5500 and B-6500 has
enjoyed.” [1]
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CHAPTER 3

THE ASSEHMBLER

_3.0 IMPLEMENTATION FTATURES

The CDC load-and-go assembler was designed to make the
host coﬁputer look as much like the CDC 6600 computer  as
possible. The host computer was an IBM 360/65 machine which
has 32-bit words. The CDC machine to be simulated has 60—bit
words. |
This meant"using double preciéion {(ie. two words) for
~every word of code produced. This left four ﬁnuéea bits for
every CDC word produced. Thesé.extra bits were used to
contain flags, such as the trace flag, for the trace feature
that was irmplemented.

) The documentation for the CDC 6500 computer uses an
octal notaticn to represent a word of’ memory. This means
; fhat every 3 bits in the CDC word fornm a digit'betweenvo and
7. This gives 20'~digits to the 60-bit word. Since the
simula?or  was written for ‘the IBM 360/65, 30 bits of an IBM
word waere used to make oﬁe-half of~a’CDC word. An IBM 32-bit
~word can hold an integer as large as 2%%¥31-1. The words were
filled digit by digit as the statements were assenmnbled. T§
store the ten ﬁigits in one word they had to be taken éne at
a time, multiplied by the appropriate power of 8 and added

to the word being created; When this was done .one-half of a
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CDC word in the 30 low-order bits of an IBM word was formed.
This word had the same bit pattern as the eéUivalent CDC .

~half-word would have if assenbly were performed on a CDC

6600 coaputer.

It was decided +to have a memory of 512 words in the
intefpreted CDC machine. In the Block Data routine all‘ the
‘tables are initialized to certain values and can eaéily be
changed. Hence memory size can be altered éasily by changing
one small routine " which inifializes constants. The output
from the program resembles the ountput from ‘a cDC Compass
-assembler.v Thiévié achieved by storing each stateheﬂt until
the END card is encountered and then printiﬁg the output.

The load-and—-go assembler was-written in FORTRAN using
the WATFIV and‘ FORTRAN H compilers. It was written in -
modular form. - These. nodules are  fairly small and
uncomplicated So that the resﬁlting program -can  be
understood by others without much difficulty, Most of the
large routines are fairly vwell segamented so that they are
really just a coabination of samaller modules.

The input to‘the assembler is a subset of the Compass
assembly language. This subéet includes all the opcodes for
the CDC 6600 CPU, and a few of the psuedo—opcodes that are
necessary. for assemb;y. Opcodes to perform I/0 are added to
the instruction set. Debug features are included as

psuedo-opcodes. Detailed error messages are provided.
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The ASsembler-was first written in WATFIV which alibws
for easy debugging‘of the algotithms. Separate scan routines
were vwritten for the labels and.opches, and others for the:
operand field. One routine was written to handle constants
and literals {see Compass Reference Manual). A symbol table
routine was writteﬁ to handle simple linear ﬁables. This
included a table for literals.’Characters and‘integers had
to be translated into CDC's ,form. A routine to do this
translation was written. Floating—point nunbers vere
ttanslated using a different routine. |

Base 10 and basec 8 numbers Were allowed,.-making it
necessary to <check <for the base along with the many other
nodifiers allowed for each constant and literal {see Compass
Reference Manual).

The organization of the program is such that there is
really no mainline program but é system.of subroutines which
carry out specific tasks. There is an éntry poeint a£ TENP,

the first routine.
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Macro Flowchart of the Load-and-Go Assembler

"FIGURE 1
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3.1 THE SUBROBUTINES

The BLOCK DATA Toutine has already been briefly

mentioned. It cohtains all COﬂMON.statements containing all
- the tables and constants-that maj‘require changing. They are
. initialized in this routine to make changes in the size of
tables fairly uncomplicated. This includes changes in aemory
size; symnbol “and literal table length, and the number of
executable statements per programn. | |

The subroutine called MAIN is used to read the card
images one at a time. The input may be CDC Compass language
'statements or déta' for fhe executing program.‘ Eéch new
program initializes constants in this <routine and this

routine «calls others so that their constants ‘can be

initialized. Scanning  starts in  subroutine MAIN - with a-

search for labels and opcodes. When these are found the

appropriate routines are called;‘Literals are recognized by
the '=* sign in the MAIN routine and routine FIRST is called
to translate the 1literal into a form that can be easily
handled. The SCAN routine is called to scan -~the variable
field if no 1literal .'has been detected. On retufn from
routine SCAN, MAIN reads a néw}card and processes it, unless
an end-of-file has been reached.

The symbol table routine, SYMTAB, first initializes the
tables when <called by/ MAIN. It will be noticed that, in

batch processing, only entries that have been used are
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fe—initié;ized wi££ each new program‘in a batch. The whdi;
£able/i$ initialized with‘the first program of the ‘batch;
‘ihe_ sy§bol table has five kinds of entries; constaﬁts and
iabels that already havée values, ‘undefined variables from
the operand fiesld, labels from SET Sfatements which can have
theif values changed by _othar SET statements, and the
‘iocatioﬁ pointer value if it is used in the program.‘These
are entered and diStinguished only by their name. Each of
theﬁ is given a value if definéd. The value is left at -1 if
ihe entry remains undefined and a pointer is set so that the
vvalue ‘can be ‘added into memory when the END sﬁatément is
encountered. This is a featufe of-a one pass assémbler.’ If
any va;iables in the symbol table‘remain undefined ah efror
is produced at the end of the progran. |

NLiterals can be from 1 to 4 CDC words long. They have a
Separate: table. There is,'a pcinter tolthe-next available
location in the table. For each literal a pointer is kept
which péints to tke statement that produced it. The literal
ﬁalue 1s stored only once.

The translation routine, TRANS, takes both integer and
character 1literals ‘and pfodﬁces the internal representation
for the CDC macaine wusing a table of values for each
'possible character. Since each character is reéresentéd by
two base 8 digits, there can be a character set of at most

64 characters. Character strings can be 40 characters long,



with 10‘_¢haracter§ to ’ a CDCY' word.  Integers and
floating—point numbers are up to 20 digits in lehgth if
they are literals; but constants can only \be nunbers less
than 777777 base 8. Larger numbers produce an error message.
This limit is set sincé CDC has an addressing capability of
only 18 bits. The CDC interpreter has a memory of 1000 {base
8) words numbered in octal from 000 to 777. If an address is
too ’large for the ‘interpreter ’an error is generated at
execution time{

Character strings are converted character by character
.into the IBM vHotd. Intégers are more difficult‘siﬁce they
can be base 8 or base 10. A special case is made for base 38
nunbers with no modifiers so that ény desired bit string can
be easily produced. Otherwise, integers are handled im a-
‘more general ‘manner using two. iBM'.words, building the
integer digit by digit to resemb1e the CDC internal form.

The SCAN routine scans all operands except literals.
Expressions are allowed to have up to four entries. That is,
whenever K is allowed in an operand any combination of up to
a total of foﬁr variables, constants or a single location
pointar value is a legal entfylin the operand field. One of
the variables can be undefined per expresion, since there is
“only oﬁe pointer table value for each 30-bit instruction.
The pointer table contains pointers to the symbol tabie

entry of the undefined variable, or to a literal table entry
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/iin the insirhcfion»io whichqit refets. Only ,addition Uand
”subtractién are allbwed in expressions. Undefined variables
‘cannot be preceeded by é rinus sign.’

The operand fie;d is scanned for any delinmiters dr
conStants. Any valﬁe beginning with a digit is assumed to be
a constant and subroutine FIRST is called.

When the variables or constants have been sepérated,
the syabol table routine is called ?ia various entry points
to place the new values in the table. Registers are also
"decoded in this routine. The typefaﬁd number of the register
_must be‘found to produce the opcode.

The instruction is in a vectdr of 10 entries, one for
yéach digit of the instruction. If it is a 15—bit instruction
‘ 6nly five digits are reguired and half the vector remains -
Zero. | |

The OPTAB routine is used for deéoding o?codes. OPTAB
contains tables of possible’opcodes and pseudo-opcodes. The
opcode cannot bhe completely'decoded until the syntax of the
operand is discovérei in the SCAN or FIRSTvroutines. The
opcode depends on the registers, variables or constants in
the operand field. Many opcodes have regisfers combined into
their format. The number and type of these registers must be
decoded in this routine. | .

Pseudo—opcodps set flags and cause the assembler to do

certain functions rather than produce any code. For example,

29




TRACEON ;éeté dy"flag  indicating that the following
instructions are té be traced whenvthey are executed by - the
interpreter. | .

The E$$$$E‘4£outine is called whenever an error or
warning is found. The message is printed out and a flag is
set to indicate that an error has occurred(

STCODE 1is +the routine that trapslates the vectqr of
digits into a 15 or.30—bit CDC instruction. The léﬁgth of
.the ‘instrucéion is determined by a.fiag and the appropriate
course is taken. There are certain’conaiﬁions that cause the
instruction to‘ be 'forced ﬁpper'.vThis means that, instead
of' filling a  CDC word that aiready has one oOr more
instructions ink i£, this instrucion must be placed at the
beginning of a cbC word and therefore moved up to the mnext-
- Cpe word“in mempry; The remaining sections of -the CDC word
are filled with null opcodes by the aésembler.‘i“ ’

When the END statement is. encountered, 1literals are
taken from their table and put into memory after the program
to create the literai pool. Their addresses are recorded iéo
that the vinstructions concerned can have their addrésses
resolved. The pointers to other undefined variables in fhe
symbol table are checked. If théy.are non-zero the address
‘of the instruction must be resolved. If an address remains
undefined an error is recorded.

The output is novw ready to be printed. Its format is as
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close to CDC Compass assemoler format as DOSSlble.

FTRST is the routine that ‘puts 11+erals and constants
1nto a form that can easilv be used by other routines to
prodnce, the internal cCDC rormat.'Scanning for alphabetic
codes must be done to find any modifiers that are present.
Whenr'this has been completed wey@ust decide whether‘we have
an inreger, a floating—point number or a character string so
that,the bproper routine can be oaiied. :

'"oRoutine FIX1 ﬁas two  entry points. Entry FIX2
translates the exponent of the floating—point‘number,inio a
form. w2 can use in the DECﬁAeroutine.~Entry FIX forms an
integer value and checks the base of the number. If it is’
base 8 it is converted. to base 10.

DECHMAL accepts floating—point IBH numbers: and .
’tran31ates themn into~,floating¥point - CpC nunbers. The
‘floating—point nunber is finally put into the literal table.
~There 1is a function callea OCTAL that . is used to

translate base 10 numbers to base 8.

3.2 ALGORITHMS

The algorithms ﬁsed in this progran vary from +the
~fairly sismple label scan procedures to the more complicated
élgorithms-used to translate numbers into CDC internal form.

Ihe label and opcode scan algorithms are encountered in

MAIN. 'Scanning consists of a search for special characters
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"used’ as delimiters.§£’blanks which mark the end of a field.
Error messages are given for illegal characters in the label
field. A 1label nust start with an élphabetic character. It
is truncated if it is longer than 8 characters. The 1label is
‘then passed to the symbol table routine and entered in the
table with its value, the address of +the instruction

presently being decoded.

The —opcode can be up to 11 characters in length. It is

handled in a sinmilar fashion. It is +then passed to the
opcode table routine to check for valid opcodes. Sincevsome
opcodes can be of thé form SX.SYMBOL wé. use a méthod Qf
equivalencing variables so that the symbol can be referenced

by a single variable. This symbol has the same restrictions

on it as the labels and variables have that are used in the.

operand field. Thevsymbol nust be assigned a value before it

is used or an error message will be printed. The opcodes are

broken down 3into threée forms and three tables are used to -

hold the wvariety of ©possible codes. These ‘are single
character «codes, t%o character codes and“pseudo—opcodés
which can be up to eight characters‘long. Since the machine
translation of an instruction depends paftly on the symbolic
opcode and partly on the operand, the algorithms had to
‘allow the opcode to change when fhe syntax of the operand

was known.
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_3.2.1 SYMBOLIC ADDSESSFS 14D LITERALS

A V ‘ Cel Son¥
.- All tables are initializeAa at the ":st¥art of each new

batch. Only used entries in the tables are re-initialized

for each program in @ particular batch. This 4involves

~'keépi_ng track of the 1last element in any table and

re-initializing the table up to and incluading that element.

This saves time when batch pProcessing.

Figure 2. Organization of the Symbol Table

in the Load-and-Go Assembler

SYMBOL ENTRY NUMEBER VALUE

= | ) l“""‘,',,‘"‘l
]LABELT 1 [ 13}
=== | === i
11A3EBL2 2 ] 20|
- ; |- i
| OPERAND | 3 i =1
== ' ' !
i* | 4 i 25]
| I === |
I i 5 1 -1

J=mm—mm ! |===—===m]

The npames and uses of the pointers that appear in the

SYATAB routine follows:

FINAL - points to the next available location, 5 in this
case.
INIT - points to the symbol being referenced.

The VALUE table is initialized at —1. If it remains -1
the symbol is undefined and JPOINT {the pointer fronm

hemory to the symbol table) is set to the value of
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INIT. The values in this table are all base‘10.

The symbol table shown in Figure 1 is a simple list;
The iiteral table is similar to the symbol tablé except that
any entry may take up more than one place in fhe table.
Lineér séarch_ is used in both tables to locate an ehtrj,
since it was felt thaf short student programs would be +the

main source of programs run using this interpreter. -

Figufe 3. Organization of the Literal Table

in the lLoad-and-Go Assembler

LITERAL ENTRY NUMBER  PGINTER
o ! | —=m—mm—ms 1
10102030405 | 1 1 5]
D — Jm———= s !
10607080910 2 ~ | 51
J==mm= s | | === 1
111121314157 3 P 51
R — 1 o J === ]
11617181920 N 51
fm=—mm - | Jmmmm e 1
1 i 5 ! 71

The names and usés of the pointers that are used in the
SYMTAB routine fcllow:
‘LITEND -Vpoints to the‘next available Space (5 above) and
is always odd.
I27 - points to the literal being entered into the table.
JPOINT - 1is set  to (I27+1)/2+i500  which is the CDC
address for the top of the literal table plus the

length of CDC memory.
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VVLSOO - is the length of CDC ﬁemory.»

~The literal +table shown in Figuréf2 is a simple 1ist.
‘The literal table is used to create the literal pool at fhe
éﬁd of the translated program. The literal in the table in
Figure 2 is‘éhe numeric representation of the first 20
members of the alphabet.

' The pointers used to resolve addresses at the end of
the progran may point to either the symbol table or the
~.literal table. These pointers are kept separate by adding'a

.constant to tte literal table pointers.
Figure 4. Organization of the Memory and Pointer Vectors

MEMORY ENTRY NUMBERS POINTERS

181200000121 152300000021 0 1500%0 | oi] o]
121122565 101121005157 101 1 1s00e1 | o] o]
111612030601 100 10045000] 2 130042 | ob1 o
161490000001 151500000001 3 15003 | 51300 al
S ) e R L

The memory contains thevinstructioné as in Figure 3. A
pointer is non-zero only if the address of the variable or
literal is unknocwn. For example, entry 3 in Figure 3
coﬁtains an undefined address. Here the pointer points to a
literal table entry. The other pointer at entry L500+3

- points to the symbol table. The remaining entries have yet
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to be used and are zero.

The ‘pointers to the symbol and llteral table are used
when the END statement is encountered. A new vector is
produced to contain‘all the pointers to the tables. Thus
every entry in the new vector occurs at least once in the
pointer vector. The pointer vector has its values changed to
point to the corresponding entry in the new vector. The
pointer values in the new vector are thenk changed to the
values from the symbol . tablé or the’literal,addresses to
which they point. If the value in the symbol - table 1is
undefined an errort is priﬁted. The values in the new. vector
are then converted for entry iﬁto the memory vector in the
same manner ~as the instructioh, as‘mentioned below. The
pointer vector now links the value in the new vector to the’9
memory vector. The value in the new vector is then added to
~the proper word in the memory veétor. If the instruction in
: the m2mory vectof started on one—-quarter of a CDC word, this
must be taken into account and the value from the new vector
nust be multlplled,,by the apnroprlate‘power of 8 before

being added to the memory vector.

3.2.2 INSTRUCTICY TRANSLATION

A simple algorithm is used to produce the 30-bit CDC
half-word in memory from the 10 element vector of digits

that make up the instruction. Each digit is added to the IBH
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7§otd  §f the memory vector ,af£éf?;the digit 'has been
hultiplied by the appropriate'powér'of? 8. 1In Vothet words
MEﬁORY(I) = DIGIT(10) *8%%0 + DIGIT(9)*8#*1 + DIG‘IT(8)*8**2 ’+'
_DIGIT(7)*8**3>' + DIGIT (6)*8**& +  DIGIT(5)*8%%5 . +
DiGIT(#-)*8**6 "~ +  DIGIT(3) *8%x%7 +  DIGIT(2) *‘8** 8. +
'DIGITKT)*S**9.‘ Actually the shift function was used to
. replace multiplying by.éowers‘of 2. This approachk was used
sinde 10 digit numbersvbase 10 greater than 2*%*31-1 cannbt
beYStoredvas a single word in the IBM 360/65 computer. Also
;t' is easier to manipulate the digits in the vector rather
than in a single-word when the operand is decoded.

M‘In scanning the operands only ’special delimiters;
éonstants, and literals n=ed be distinguished. Variables do
not cause any problem. The registers are most difficuit td:
’decode since they affect the opcoae. The A.SYMBOL Lype
' register designator ({see Compéss Reference Manual )  1is.
‘deééded in a different fashion‘than with the opcodes. It is
broken up at the '.°? and.the value of the symbol Vobtained
"‘fiom the symbol table. |
| To handle expressions  the variable and consténts are
~stored in a vector. Their symbol‘tablé values are added or
subtracted depending 6n the sign between the given
lvariables. Then their values are broken down into. separate
digits to. be stored in the instruction vector with the

opcode, which must be updated depending on the syntax of the
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operand.

3.2.3 CONSTANTS AND _LITERALS

To decode constants and literals. (character strings,
integers or floating—poiht numbers) they must first be
identified by the leading digit or =1 sign. Then all
modifiers must be found (a list of these modifiers is given’
in the Compass Reference Manual). The operand is categbrized
and the numeric modifiers are stored,in vectors. Flags fof,
any other modifiers are also kept - in vectors. Character
strinés are deéignated by special alphabetic cﬁéracter‘
codes. The length of the string must also be known. The
procedure to convert a character,siring begins with a vector
of eight IBM zeroed words and the characters are added to a .

member of the . vector one at a time, five to each member,

. until the end of the string is reached. A character is added

" by multiplying the member of the vector being used by 64 and
adding the value of the character from the table to the
member. If the‘ string is designated as a literal it is
entered into the literal table; if not} it is a constant and
is truncéted to three characters.

- Integers  are handleé similarly but  have. many more
ﬁodifiers. This complicates the problem of conversion. The
- integer can be from 1 to 20 digits in length. The same

vector is used here as is used with the character strings.
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The digits are taken one at a time and added to the member

of thke vector to create a CDC word. This word is made from

two IBM words (two menbers of the vector). The digit is

added to the member and then multiplied by the base.  The

first member must be checksd for overflow. The top four bits

of the first word are add2d to the 1low-order bits of the

_second member and then masked off the first. This prevents
‘“the loss of bits through overflow. If all the digits have

been used, the modifiers are then used to finish the

translation. If the integer is designated as base 8 with no

modifiers, the coﬁversion is simplified. The,tenAloQ-order
digits are put into the first word by multiplying each digit
by’the appropriate power of 8. The fen high—-order digits aré
put into the seccnd member in the same fashion.

Floating-point - nuambers are handled differently. a

double precision 1IBM number 1is obtained by the routine

FIRST. To convert its exronent to base 16, the fornmula
D={1log10{A) +EX?) /1log10{16) is used. Here A is the double

precision number received from FIRST, EXP 'is an exponent

base 10 from one of the modifiers of the number, and D (the

result) is an exponeht of 16 such that 16**D=A*10%*EXP. The

integer part of D is used to fcrm part of the exponent. A is

redefined as 16%%DFR, where DFR is the fraction part of D.
The exponent base 2 is therefore the integer part of D*4

plus the base 2 type modifier. The next step is to break the

39



‘double preéision value A into compoﬁent parts.;To do this
integer K is egquivaienced to the first half of A and integer
L to the second half of A. Then, since the first eight bits
contain the exponent.or characteristic, they are masked off
and kept in a separate integer minus the bias of 40 (base
16)  or 64 (base 10’. The masked off éxpénent is multiplied
by 4 and added to D*4 to becoane part of the base 2 exponent
used in the CDC " word. XK must be normalized since all CDC
numbers aré stored in‘a normaliied form except whén a P type
modifier is used (see Compass Refereﬁce Manual) . K must be
shifted to the fighfvuntil bit 14 of the IBM word is 1 and
all bits to the left of bit 14 are zero, leaving room for

the exponent to be placed into the high-order bits.

Figure 5. Construction of a CDC word from Two IBM Words

10 12 13114 31110 12 718 311
1001 __EXPONENT 11 K | 1001 K2 1 : ‘L i

159 48147 30} 129 24123 0}
The first line in tﬁe above diagram shows how the IBH words
are nuambered, with the first two high—order bits being
ignored in the CDC wptd.numbeted below. This shows how the
cpc word is produced 1in general. The bit pattern lost by
'shifting K must be saved in integer X2. If the P flag
indicates that a modifier P is present‘the exponent must be
set accordingly. The number 1is mnot nﬁrmalized if the P

nodifier flag is set. For example =1.0P15 is a
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 f16ating—pbint literaliwith a;Plﬁgg%fiér Qhose,vdlﬁé is 15;
“The CDC number in intérnal re?fesggt;£ioﬁ generated for thié
number .is 17600000000000100000.,'The integer 1 must be
‘shifted in the same fashion aé K waé- The bit pattern saved
‘in K2 is added to the upper portion of L. Any bits lost when
L is shifted are not saved. Next the exéonent is added to K.
If the number produced is supposed to be negative, one's:
cohplement notation is used ana all the’bits in K and L aré
'switched. The value is 'théh stored as a CDC word in thé

“literal table.

2.3 OBSEZRYATIONS AND REFINEMENTS

Many changes were made to the assembler as DProgress was
made on the project. Algorithmé changed as better ones' werel
found. Since +he WATFIV compiler was used, testing of .
algorithms was a fairly simple task. The faster - and more -
efficient algorithms were used‘in the’final implementation.
‘For'example, the algorithm to find +the CDC exponent was
changed +to .thé one described ébove from one that was found

to be more conplicated and slower when tested under WATFIV.
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CHAPTER 4

PROGRAM ANALYSIS .

4.0 TESTING THE I/O ROUTINES

The IBM FORTRAN TI/0 Toutines that - the FORTRAN Hv
compiler dses to do I/0 were found to be the most tinme
consﬁming part of the load—-and-go assembler. The’ assembler
was run using a monitoring program, PROGLOOK, {Appendix G);
This program outputs graphs of the percent of CPU tinme spent"
.in cach section of the program being monitored. The length
of ﬁthese sections can be controlled by the user. In testing
the load-and-go assenmbler the section length was 64 Dbytes.
The graphs showed that by far the largest percent of CPU.
~time was spent in the FORTRAN 1library - routines, IHCECOMH,
entry point FDIOCS#, and IHCFCVTH, entfy points ADCON# and
FCYaQoUTP. 70 to 75 percent of the CPU tinme used in the
.assembler program was spent in these routines. The PROGLOOK
progran was used to test the load—and-go assembler with the
assembly language I/0 routines. The results showed that only
8j,to 10 percent of the CPU £ime was spent in these routines
with about 5 percent of the CPU time spent in the FORTRAN
'library routines mentioned above. The reason the assemhiy
lahguage routines are so much faster is that they perfofm a

very specific function rather than being as general as the
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- fORTRAx routines; Tﬁe(assembly language I/b sgéroutines were
used 1in the fihal implementation. This 5¥esulted in the
vlqad-and-go assembler running frem 3 to 5 times faster. If
necessary the assembly language routines can be replaced by
FORTRAN routines quite easily with a few 1lines of TFORTRAN

code.

8.1 A DISCUSSION DOF THE FORTRAN H CODE

The code produced by the FORTRAN H compiler was deemed
.to be very good. While testing the I/0 routines ,thé other
sectioﬁs of the 1load-and-go assembler were also tested.
There were no sections that required‘an extravagant amount
of CPU time. An assembly language program was also tested
against é FORTRAN H program. Both programs did the sane
thing. The FORTRAN H program took only minutes’to write. The
assembly language program had to be rewritten many times to
make it only a little faster than the FORTRAN ﬁ program. A
liéting of the’ assembly language code produced by . the
FORTRAN H conmnplier showed that the,code'was very efficient
and that it would be very difficult to improve upon the’code
by rewriting routines in assembly language. It seened
unnecessary to change any routines written din TFORTRAN = to
.assembly language since little savings would be gained for

the effort involved.
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4.2 ASSEMBLY OF A CDC ASSENBLY LANGUAGE_ PROGRAM

The CDC program is read 6ne card at a time from unit
r‘five, and is- stored in a’LQGICAL*1 vector, so that each
iﬁﬁividual character can be tested easily. Labels are found
and stored in the symbol table. Opcodes are the second
string of characters on the card unless there is no label.
Théy aré deéoied and the first part of a vector to hold the
‘instruction»is produced in routine OPTAB. The next field“on
the ‘card is the operand field. Literals are easily detected
by the '=' sign. |
| The routine FIRST decodes the syntax and 'célls TRANS1
to form CDC integer or character representation; DECIMAL is

called for decimal numbers. The SYMTAB routine is called to

store the literals in the literal table. Control is returged

to MAIN1 and then MAIﬁ before STCODE is <called to produce
‘the wvord in memory. |

If the operand was not a literal, SCAKR2 is called from
HAIN1 to decode tae operahd field. FIRST will be 1called to
decode constants. The instruction vector is completed in the
’SCANZ routine before re{urniﬁj to ﬁAIN1 and then HAIN where
STCODE is called. With a psudeo-opcode only flags are set
‘when OPTAB is called unless it is the 'END! statement, which
causes a call to a section of STCODE to produce all the
output the assambler produces except error messages. The

routine E$3%$E can be called by almost all routines when an

uy




error is encountered. This routine was 1left out. of  the
flowchart since the further complication seemed'unnecessary.
More ‘detailed flowcharts  of some of the routines are

found in Appendix F..

4.3 _FUOTURE DEVELOPMENTS

Thé load-and-go assembler has been written so that‘ it
is easy to change table sizes and make additions to the
program. If it is desirable to add macros, micros, or —'more
-psuedo—-opcodes, this can be done without any difficulty.

with the rTelease of IBM's VS/370, the‘viftual nemory
operating system, it will be possible to increase the memory
size of +the dinterpreter to that of the actual CDC 6600

computer.
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. CHAPTER 5 ¢

CONCLUSICHNS

The 1oaa~and-go assembler works weil. Combined with the
4interpretei, the assembly system runs under the
student-terminal momitor at the University of Manitoba. It
is felt that the project has:proyided what was expected in
the~waf of useful software. ’ |

The load-and—-go assembler has been’tested for more than
Si#‘ﬁonths yith many programs. Many bugs have been found and
“fixed énd it is hbped that few remain.  The use. of the
~“program is really just beginnihg. The interpretive systen is
to be used in a course to help students learn about the CDC
»6600 machine. | |

The load—and—-go assembler is »cohposed ,6f eleven»
subroutines and one block data routine. There is a ﬁotal of "
'1594 FORTRAN statements. The program took about a yz2ar and a
half to write and test, iqcluding the time taken to learn
CDCLCompass assembly language.

It is  hoped that after experiménting with high-level
—languages when writing this system, people will appreciate
the advantages of high—le%el languages and will make better
ﬁse of them. It is felt that good compilers are _éyailable
for  both - FORTRAN IV and PL1 from IBY for their 360-370

series conmnputers and Burroughs has produced 'many good

us



'compilers,_ﬁoteably AiGOL for their B-SSOO_coﬁputer and more
good compilers will be available ih the future. ’A good
optimizing systems-writing compilet.is required at present:
from IBM; Burroughs has produced suéh a compiler for : their
B-6500. Hopefully one will soon be produced, making writing

and debugging system programs much easier.
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APPENDIX A

READ/WRITE OPCODES

Since the load-and-go assembler was primarily designed
as a teaching aid inpuat/output was introduced in a straight
forward manner. "New" opcodesrand mnemonics were introduced
for read and vwrite. A number may be read from the card
reader in any for@ that is an aéceptable literal but without
the equal sign.
| One nﬁmber'may‘be puﬁched anywhere on a data éara.

A memory locationlmay be printed on the line printer in
fhe following ways:

'1) octal
ii) integer (base 10)
©31ii) real (base 10)
iv) character

v) Lexadecimal

General fofm is 01ijkK

where 1 — indicates the type.of I/0 operation

j — Number of consecutive memory'locations
to be printed

k — the index register Bk

K — a 15-bit address expressiion
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pA ’ K. ~ Print K {(character) (30) 012j0K
PA, ’K§Bk Print K+Bk {character) {(30) O12ij
PI"kK 7 Print K ’.- (30)  01330K
; {integer base .10)
PI  K+Bk  Print K+Bk ©(30) 0133kK
PD kK print Kk - (30) 01450%
{real base 10) | -
 PD ,'k+Bk print K+3k {30) 0144kK

{real base 10)

P0 K Print K (octal) {30)  01550K

PO V‘K+Bk Print K+Bk {octal) {30) '015ij

PH K Print K (hexadecimal) (30) 01650K

PH. 'k+sk Print K+Bk (30) 0167kK
- {hexadecimal) |

A card may be read from the card reader using the
following instructions:
IN K Read into X - {(30) 01100K

IN  K+BX Read into K+Bk {30) 0110kK
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APPENDIX B

The Pseudo—-0Opcodes

The following is a 1list of the pseudo-opcodes that were
implemented in the load-and—-go assembler. They include two
that  were 1introduced to make debugging programs easier for

the student (These are TRACECN and TRACEOFF).

PSEUDO-0OPCODE - v PURPOSE
END Ends a program and indicates
the starting location for

execution.

IDENT Indicates the étart of a
programe. |

SET - ' Sets its label to a specified
value.

BSS Saves storage locations.

TRACEON Sets trace flag, statements-

that follow are traced at
execution time.
TRACEOQOTF Turns off the trace flag.
ORG : Resets the location counter

to a specified value.
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-~ APPENDIX C

OPERATICN_CODES

The followiny 1is the 1ist of CDC central processor’
instructions that have been ipplemented in this load-and-go

assembler.

A,B,X register symbols
i;j,k ‘ register nﬁmber
" K ‘ address expression (18) bits
OCTAL   MNEMONIC VARIABLE FIZLD LENGTH(bits)
00 Ps ‘ 30
0100K RJ X 30
02i0K ap  Bivk 30
0303% 23 X3,K 30
0315k NZ X5,k 30
0323k PL X9,K 30
0334K. NG X3,% ‘ 30
038K IR X§K 30
0353K OR | Xj, K 30
O36jK‘ DF X5,k 30
0373k D X5,k 30
o@oox ZR K 30

0400K £Q K 30
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043i0K
0410K
045K
0510K
051i0K
05i3K
06015K
0610K
061 0%

061K

061i5K

070K
07i0K
07i0K
071K
071 3K
10157
1115k
1213k
131k
1hikk
1513k
161k
1715%

20i4k

PL
GE

GE

GT

LT

LT

GT

BXi

BY1

BX1i
BX1i
BYi

BXi

BXi.

BX1i

LX1i

Bi,K

Bi,K

Bi,Bj,K.

Bi, K
Bi,K
Bi,Bj,K
Bi,K
Bi,K

Bi,X

Bi,Bj,K

Bj,Bi,K
Bj,K
Bi,K

Bi,K

Bi,Bj,K

Bj,Bi,X

.Xj

Xj*Xk
Xj+Xk
Xj-¥k
Xk

- Xk *Xj

~¥k+X§

- Xk-X7
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30
30

30

-30

30

30

30

30

30

30

30

30

30

30

30

30
15
15
15
15
15

15

15

15



AXi
LXi
LXi
AXi
NXi
NY1i
ZX1i
ZXi
oxi

OxXi

PXi

FX1i
FXi
DXi

DX1i

RXi

RX1i-

I¥i
TXi
FXi
RYi
DXi
MXi
FXi

RX1

jk

Xk

Bj, Xk

Bj,Xk

Xk
Bj,Xk

Xk

By, Xk
Xk

Bj,Xk
‘Bj,Xk 

Xj+xk

Xj-Xk

Xj+Xk

Xj-Xk
Xj+Xk

Xj~-¥Xk .

Xj+ik
X§-Xk
Xj*xk

X %%k

X %Xk

jk
Xj/Xk

X3/%k
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15

15

15

15

15
15
15
15
15
15

15

15

15

15

15

15

15

15

15
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46000

NO

CXi

SAi

SAi
SAi

SAi

SAi
SAi

SAi

SAi

SAi
SAi
SAi

SAi

Sai

SBi
SBi
SBi
s8i
SBi

SBi

SBi
SBi

SBi

Xk

Aj+X or Aj—K
] .
Bj+K or Bj-K
Xj+K or.Xj—K
X3

Xj+Bk

Aj

Aj+3k

Aj-Bk

Bj

Bj+Bk

-Bk

Bj-Bk

Aj+X or A3j-X
K

Bj+K or Bj-XK
Xj+K or Xj-K
X

X j+Bk

Aj |

A§+Bk

A§-Bk

-

3]
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30

30

30
15

15

15

15
15
15

15

30
30

30

“15

15
15
15
15
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661k

67i0k

67ijk
705K .
7110K
719K

72i45K

73130

73i5k

74150

T4ijk

7515k

76130

7610k

76i4k

77ijk

SBi

SBi
SBi
SXi
SXi
SXi
SXi

SXi

SXi

SX1i
SXi
SXi
5%Xi
SXi
SXi

sxi

1Bj§8k,

-Bk
" Bj-Bk

Aj+K or ﬁj—K
" K

'Bj+K or Bj-K

Xj+K or ¥Xj-K

Xj

- Xj+Bk

Aj

Aj+Bk

Aj-Bk
Bj

- Bk

- Bj+Bk

Bj-Bk
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APPENDIX D

The Assembler I/0 Routines

A set of assembler programs is used to do the I/0 for
‘ the’ load-and-go assembler. A detailed document (BUFIR - A
Set'df'FGRTRAN I/0 Routiﬁes Using the Basic Sequential
Access Metﬁod, Gerald ¥Neufeld, Aprii 1971) is available on
theiuséZOf these routines from the University of ‘ﬁanitoba
Computer Ceﬁtre. The routines have been changed slightly to
work in the manner that was required. The entry points‘ used
in thesenroutines are OPEN and CLOSE‘for opening aﬁd closing
the files used for doing 1/0, and BUFIN for reading a card

of input, and BUFOUT for printing a line of output.
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APPENDIX E

Sample Progranms

ihe prograns that follow are ﬁDC Compass language
programs with few changes. They give examples of the output
prodﬁced by the load-and-go assembler. They are some of the
test programs used to see how well the assembler progran
worked; ~The error in each program was introduced to make
sure that none of the programs'would execute when they ' were
timed ’using the PROGLOOK program.’ This gives a.better
‘indication of where the CPU time is being used in the

Joad-and-go .assembler.
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1o CEDENT e

-3 IS8 _=3775777777717777777778

P B1
S.PS
END 1

o uw s

AT;DN;;;MMN_ggNrEu[s,”_ 7 . EXECUTABLE SGURCE STATEMENTS

0C 6119C0GC92 R 1 83l =377677777777777777773
e o OLAO1NCO00 0 PD Bl R TN
01 000COCG00 5 S PS

02 L BIT6TATIINITINVTTTINT e et g o ~
IMP ILE TIME = 9.06 SECS. T T T
SUTION TIME = 0.00 SECS. S, M : V

€2 — — i n




% o THE LOGLICAL: OPERATICNS
CIDENT i

2 NO ' ' :
IRORES$———~ NO OPCODE . :

3 i oS USBY =LCA96 0 i o TR i
4 S -SB2 =37452 ' '

5. ~ - 2 PO2 Bl ' P - il o
5 - SAL ol

7. .. SA2 B2 L i i N

B~ 3X6 X1#X2 -

e SABS R TS
s} PSS N L e e

1o - L BX6 XL+X2 . 0 rmeemheT o e

2 SA6 S

3 P S ) s ) -

& BX6 X1-X2 : g
5 S BT S
6 PO S ST '

1. i BX6 =X1 . : R -

8 . SA6 S

3 S PO S

0 - BXx7 X6

1 ST S
2 PO S , ' ‘

3 e BX6 = XLEXZ

4 SA6 S

5. PSS L i I
6 BX6 —A1+X2 :

7 SA6 S L g -

8 PO S

S o BX6 =X1-X2 : . .

0 SAh S

2 pPS :

3 END 'S .. S T S SR

O. ..

ARE TESTED

CTUEGNTENTS T " EXEGCUTABLE .SOURCE STATEMENTS -
_..sl18n0L017 L. .. S 531 =1v9495 i
6120000020 ‘ - 832 =37452
,,,,,,,,, nis511cc009 . ... . P02 3l e i
55110 ' SAl 31 ‘
i BR220 - SA2 32
11612 BXo X1%¥X2
5140968000 . - SA6 S
Q15000600) - PO S
L2012 oL, BXS XLEX2 NN -
5160020000 ' SAG S
- 150000020 PO S
13¢12 ' . BXh X1-X2
. 516CCLACON SA6 S :
0156000000 o , PO S g
o ormell .. 8Xs =Xl N =
5160CC030) , SA6 S
P DLH00LGIN0 PO S B
10706 BX7 Xb&
, 517CCCTCUO SAT7 S
D71500C0009 : PO S :
i L8621 63 BXS =Xl¥Xx2 B
516CCCULLON ‘ SA6 S
‘ JL5C2NC060 3 PO S N .

16621

5160020900
150005800

- BXH =KAL+X2

Sas S

P3 S




5160CC000D . sas s
: 150000000 .. ... POS ..

T pococanea) T |
. 009ICOCCCCAGRO002440D o Lol o i e e
00GCCEO00C000111114 & T T

SILE TIME = 8u4l SECSe .o il ;
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iz IDENT

N -

- i3 i i OSSP CIG. Lo
:RRURS S $=—= NO (PCODE i j LT
3 __ S SBl =&.3 BRI & SRS WG SN &

SB?_ :4.9 e
‘PD2 81

-SA1 81
O . ..8A2 32 Ciolim e S LT
RX6 L1+X2 - =
S CEXTOXA4X2 } e e

4
5

6

8

9

0 Sa6 S
1o SAT s+l

2 o0 poz s e T
3 P2 s S e L
4 DX6 X1+X2 « L E
] SA6 S ' e
5

8

7

B e~ '-‘P D S - e et s g - — . -— ——— e - - e e
e PSS . = RS SR §
‘ END S

TION ;M;QCNTENTS“hwnwwwhw-dNMWMLuEXECUTABLE;SDUﬂCE,STATEMENTS;W R
0 611C0C0007 R ' S 8§81 =6.3 -
e 6iLz2caovo0010 0 L. 582 =4.9 e
L. 0141100072 : : - .. PO2 Bl i
e B3110C .. .- SAl B1 U
- 56227 SA2 382 =
2 34512 . . . . RX6 X1+X2 - T
30712 R B FXT X1+x2 ' il
. 3160CCDC0y 0 gag g e
3 5170000001 o SAT S+1
.. .. 9isigocdes P32 s i
4 0141GACC0D - PD2 S
;m“m_wwwwﬁ_Mmei25lZMMﬂwn_wn_;,m_"__mﬁ;_qWMMMnﬂxb X1+X2
5 515C0CCO0CY N T SAs S
- . dl4dcoeede : T . PD S -
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_  CONTEATS
6113030041

A0 AND - OF ARE TLSTED

EXECUTARLE SUURCE STATEMENTS

 "”w B S SB1

6124000042

6130000043

o152

856110

85229

1eoeon

SAa3
£113
T SAl
SA2

SB2 =

1 [DENT SR '
2 e N : - - S L .
RRY RpSS“‘ ND_QPCLDE Sl = o

3 $-581 —37777777777777777777% - : 5
4 o 832 =400CCO0COC0ICOCGC000S: DRk O S S R
5 883 =12345 676)432123000048 B
5 . i P03 Bl : i Ll nL
7 SA1 31 '

8 SA2 B2 - . —
9 . SA3 33 N '

D e R X L A e e i =
1 ' JeB ‘

2 A PA =H/ERRGCR IR/ ) e e o :
3 JP J , , '

4 B _PA =W/0OKAY IR/ P e
5 J R X1,C

6 . e PA =H/ERKGR OR/ R RS " -

7 P D . ' Ch

8 U COPA =H/CKAY OR/ S e : :
9 D OR %2,F

2 PA°=H/ERRCR QR/ _ - — — e
1 JP F o ,

2 . E PA =A/0OKAY QR - i

3 F IR X3,5 oo

b o . PA =H/ERRCR IR/ e e et et i

5 JP H ' :

6 5 PA =H/JKAY IR/ L e
7 4 OR X3,1 , ~ ;
8 o PA =H/OKAY OR/ S } o .

3 : TJP K

0. . o B PA =H/ERKTR OR/ RES NI - e . .
1 K Sa4 -1777?7777777777777773 '

2 SAS5 =60000003CCQIG20CC0203 T
3 SA3 =123456701234547012348

& e SB A4 e
5 ' P03 81

6 e XD XL ' . _ I

7 DA -4/{32“”'19/

3 NPy e e i . e e e
9 77PA TSH/OKAY 10/ o
o Y I X5 X

1 PA =H/ERRIR 10/

2 DU L S B ~

3 X PA =H/OKAY 10/

4 . S A DF X3,V . » e R
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5 ey , -
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2 R PSS

3 END S
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APPENDIX F

kThe Load—-2nd-50 Assembler Progran Listing

‘The following is a listing of the source statements for

the load-and-go assembler

71




10

20

LOGICAL*1 GOFL

CALL MAINLIGOFL,£20)
CALL MACODE

CALL ZAPAR(E&20)

GO T0 10

STop

END

18]



C THIS ROUTINE ENABLES YOU TO CHANGE THE SIZE OF TABLES IN ANY RDUTINE

C
c
C

c
c
c
c
c
c
c
c
c
C
. C
c
c
C
c
"
c
c
c
C
c
C
c

LIT LNUM ARE LITERAL TABLE VECTORS LENGTH LITESS=LLIT
SAVE IS A VECTOR USED TO HOLD VALUES .OF SYMBOLS TO BE DEFINED

IVECL5 IS A VECTOR WHICH POINTS TO THE SECOND HALF OF 30-BIT
OPCODES THAT BEGIN IN A WORD AFTER A 15-8IT OPCODE LENGTH L50
IPOINT IS A VECTOR THAT PUINTS TO AN ENTRY IN THE SYMB30OL OR LITERAL

MEMORY IS A VECTOR CONTAINING THE DUTPUT IN CDC FDORM LENGTH L1000

- £100/ R
CATA INS/512/4,130/50/4CHARS/ *2 %, P AT, S8, 901, 108  4E VEe 3Gr a1 v [C

BLOCK DATA

BY CHANGING VALUES IN THIS ROUTINE ONLY

TABLE,LOCA ARE SYMBUL TABLE VECTORS LENGTH FINAL=LSYM

LENGTH L20D

TABLE LENGTH L1000

PRINTO IS A VECTOR CONTAINING THE INPUT STATEMENTS LENGTH L100

e . T Vs

VEC VECTOR HOLDING OPCODE TYPE OF INSTRUCTIONS IN PRINTO VECTOR LENGTH‘ff

FINAL - LENGTH OQF THE SYMBOL TABLE

LITESS - LENGTH OF THE LITERAL TABLE

Q - - VALUE OF UNDEFINED SYMBULS IN THE SYMBOL TABLE
INS - LENGTH L500

I30 - LENGTH OF IVECL15 130=L50

ISAVE — POINTER TO THE END OF MEMORY

ISEEK — SEQUENCE NUMBER OF THE INPUT STATEMENTS

L1000 — LENGTH OF MEMQRY DIVISIBLE B8Y 8

L500 - =L1000/2 o NUMBER OF CDC MEMORY LOCATIDNS
L200 - LENGTH OF SAVE TABLE

L100 - LENGTH OF INPUT STATEMENT SAVE AREA

-L50 - LENGTH OF IVEC1S
LLIT - LENGTH OF LITERAL TABLE
LSYM - LENGTH OF SYMBJL TABLE

COMPLEX%®16 PRINTO

REAL*8 TABLE

INTEGER SAVELFINAL,Q

INTEGER*2 VEC+LNUMyIVECL5,IPOINT

LOGICAL*1 CHARSI[64%)

COMMCN /PAGE/PRINTO{(S5,300)

COMMON /PAUEZ/ISEEK:VEC(lOO)/ARl/TABLE(100)/CHAR/CHARS/AR2/SAVE(
&200) /AR3/L0OCA(1GO)

CIOMMON /LIMITb/LlOOOfLSOO,LZOOqLIOOVL501LLIT’LSYM/AR5/LNUW(ZOO)/
EARb/IPDINT(1024)/AR7/IVEr15(50)/LITERL/LITtND ISAVE,LIT{200}/DATALC
E/FINAL,LITESS,Q/DATA2/INS,I30

COMMON MEMORY{1924)

CATA FINAL/10O/4LITESS/200/,Q/-17

DATA LlOOOoLSOOyLZOOiLlOOvLSO,LLIT,LSYM/1024’51212009300,509200y

(‘)(‘gmhmr"t'ﬁﬁt"\ﬁﬁr\rﬂhhr‘srs,hmmq\mm‘m‘nmrx—s»«.

&l,,'-JI’UKI,!Ll'!Ml,lNl,IOI'!p"lQI’"Rl,'SO,ITI,'UI,DV|,lw',lx',!y',c
G'Z',‘o"'l'"2.'.3.9'4'{'5."6.,'7.7‘8‘,'9.'.‘".,'—"'*.,'/'1'("')C
89'l$l’l="0 l,li",s.l'l .’l#_"l ’,Ozl'l’l""!'l!l’!‘l'l ','?l,"(.g

LoD, v’tav'oﬁt,o;|/._ 0

END : ¢
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SUBROUTINE MAINL(GOFL,%*)

THIS PROGRAM TRANSLATES A SUBSET OF CDC COMPASS ASSEMBLER INTO
MACH{NE CODE WHICH RESEMBLES THE CDC MACHINE CODE

c
c

c

c

c

o

c

c

c

C INPUT -- VECTOR OF INPUT CARD IMAGE

C A$ —-- NUMERIC REPRESENTATION vecroas AND FLAGS
C ISEEK ~- SEQUENCE NUMBER

C ISLOC -- NUMBER OF WORDS TO BE SAVED ,
C JPOINT —— LOCATION UF UNDEFINED SYMBOL IN SYMBOL TABLE
C IPOINT —-- VECTOR CONTAINEING ALL THE VALUES OF JPOINT
C INTR -~ TEMPORARY LOCATICON OF LITERALS
C TABLE -— SYMBOL TABLE

C LIT —- LITERAL TABLE

C LOCA -- LOCATION OR VALUES OF SYMBOLS
C ATTS -- HOLDS VALUES OF ISLOC

C LNUM -~ POINTER FOR LITERAL TABLE
C SAVE -- FINAL VALUE FOR SYMBOLS

C ILOC -- MEMORY LOCATICON COUNTER

C INIT —- POUINTER TO SYMBOL TABLE LOCATION
C OUTPUT =-- OUTPUT VECTOR

C IBSS -— VALUE FOR BSS STATEMENTS

c
c
c
c
c
c
c
c
c
o
c
c
c
C
c
c

FLAGS USED IN THIS PROGRAM ARE AS FOLLOWS

FZAP -— MISSING END STATEMENT

TRACEF —-= TRACE FLAG

LABEL —- LABEL FLAG

HWFLG —— QUARTER WORD FLAG

STATR —— IDENT STATEMENT FLAG

STOPFL —— STOP FLAG

ORG —— ORG STATEMENT FLAG

BTH —-— FLAGS SERIES OF QUARTER WORD QOPCODES-
ENDFLG -— END FLAG

FLAGL — SET STATEMENT FLAG

ERFLG -- FLAGS ERRORS TO STOP EXECUTION
IFL]1 -~ FLAG SYMBOLS FROM LABEL FIELD

COMPLEX*16 PRINTD,SHORT(?)yLBL

REAL*8 BREAL/?' */,MCODE,ASNUMZ,PARAM(3)

REAL BLANKX,B/* '/,Y(5)

INTEGER A$VMOD(3)

INTEGER*2 A$SIGN,A$SMODI(3),VEC

LOGICAL*1 ENDFLG, INPUT(30),FZAP,A$SMODI(3) ,ASLIT,ASFLAG,AS$TYPE,

ETRACEF, HWFLGsLABELySTART 8L/ " */,BUFFER(133) ,NCODE(12) s $JSAT,SAT{

8),GDFL'XLCG,!ZI !3' l('l 030 !6' l70,08' Iql '+l | S l*' ./l '('

DATA LBL/? '/,PARAN/'NGSDURCE' TNOWARN?®y *NOLIST Y/

EQUIVALENCE (INPUT(I),SHORT(I)'BUFFER(ZI))r(NCODE(l).MCDDE):(NCJDt

&(I3) s BLANKX) y(Y(1),BUFFER(L))
COMMUON /NBLT/SATXLCG

COMMUN /BLOCK1/ABNUMZ,A3VMODsASSMOD, ASSIGN, ASMUD,ASTYPE, ASFLAG:
EASLIT/NBLL/START,TRACEF,ENDFLGsFZAP, T/NBL2/ HNFLG,LABEL/PT/JPOINT

COMMON /ALIGN/B7,BUFFER
COMMON /LIMITS/LlOOO,LSOOvLZOO,LlOOqLSOyLLIT,LSYﬂ

7n
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COMMON /PAGE/PRINTO(5,1)
COMMON /PAGE2/ISEEK,VEC({1}

C
C

TABLES AND VARIABLES ARE INITIALIZED FOR RUNNING A PROGRAM

C

10
20

30

IFTOUT = 6
IFTIN = 5

CALL OPEN(IFTIN,0,80)
CALL OPEN{IFTOUT,1,133)
FZAP = .FALSE.
~BUFFER(133) = 8L

DO 10 I = 1,7

SHORT(I) = LBL

CALL STCODE

CALL STRTM(TIME)

T = TIME

DO 30 I = 1,3

SWT{I) = .FALSE.

GOFL = .FALSE.

TRACEF = .FALSE.

ISEEK =.0

CALL SYMTA3(MCODE,ISEEK,FZAP,BLANKX, £40)

START = LFALSE.

$JUSWT = LFALSE.

IF (FZAP) GO 7O 50

ENTRY READ(GOFL,=*)

CALL BUFIN{IFTIN,INPUT,&320)

——— —

" VARIABLES ARE INITIALIZED FOR EACH STATEMENT READ

VwoOOn

60

70

IF (INPUT(1) .EQ. 91) 6O TD 250
IF { JNOT. $JSWT) GO TO 40
JPOINT = O - |

IF (GOFL) RETURN

XLBG = .FALSE.

HWFLG = .FALSE.

FZAP = .FALSE.

LABEL = .FALSE.

ASLIT = .FALSE.

ASFLAG = .FALSE.

A$TYPE = .TRUE.

DO 70 I = 1,3

ASVHMOD(I) = O

ASMOD(I) = .FALSE.

ASSMOD(I) = -1

ASVMID(2) = -1

ASNUMZ 0CC00000D0

ASSIGN
BLANKX |
BUFFER(1) = BL

won

Oe
-1
8

o

cao

CHECK FDR COMMENT CARDS

C——
€C STATEMENT AND SEQUENCE NUMBERS ARE

{——m———rm e

o e ey e S S it S e s

—— -

IF ([NPUT(I) .EQ. 92) GD 10 220

PRINTED

—— —— - —— " — — ———— A - T —— ———

ISEEK = I[SEEK+1
CIFLLSWT1)) 60 TO 100
J = ISEEK
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00 80 I = 1,8
BUFFER({7-1) = J-J/10%10+240

J = J/10
80 CONTINUE
90 CALL BUFODUT{IFTOUT,BUFFER)

100 IF (ISEEK .GT. L100) CALL ERRORL(13,£20)
D0 110 I = 145 . |
110 PRINTO(I,ISEEK) = SHGRT(I)

VEC({ISEEK) = 0
N =1

I =3

NG = 9

M= 72

MCODE = BREAL

IF (INPUT(1) .EQs BL .AND. INPUT(2) .EQ. BL)} GO TO 150
IF (INPUT{(1) .EQ. 78 .AND. INPUT(2) .EQ. BL) GO TO

IF (INPUTI{1) .EQ. BL) N = 2

190

O - —_— -— - - -
C SCAN LOCATION FIELD
C -—— i
: LABEL = .TRUE.
120 J =1
MCODE = BREAL

DO 140 I = N.M 4 :
IF (INPUT(I) .EQ. BL) GO TQ 150
IF (J +GE. N8) CALL ERRORT(MCODE,&140)
NCODE(J) = INPUT(I)
IF (INPUT(I) .EQ. 75) GO TO 130
IF (INPUT(I) .LT. 193 .0R. {J EQe. 1 .AND.
&CALL ERROR{MCODE,7) '
130 4 = J+l
140 CONTINUE

INPUT(I)

«GT. 233))

C -—— e [ - - ——

C ENTER SYM3C0L IN THE SYMBOL TABLE

c - _—— S —_—

- 150 DO 160 J = I.M

IF (INPUT(J) .NE. BL) GO TO 170

160  CONTINUE

M.
J.

H
170 i

]

IF (I .6T. 35 .AND. N8 .EQ. 9) CALL ERRORL(26,640)

IF (N8 .GE. 13) GO TO 200

IF { NOT. LABEL .OR. INPUT(1l) .EQ. 78) GO TO 180

CALL SYMS(MCODE,—-1.0,LABEL)
IF ( «NOT. LABEL) ASNUMZ = MCODE
IF { oNOT. LABEL) ASLIT = .TRUE.

—— . -

C _______________ - o i -
c SCAN THE OPERATION FIELD
—_— - -
180 Ng = 13
N =1
G TO 120
190 LABEL = .TRUE.
GJ. TO 150
c — —— " " —— — — " o o — i v i - — > g s - ——

- -—

C DECODE THE OPCODE AND ENTER IN THE PROPER FIELDS UF THE UQUTPUT

200 CALL OPTAB(NCODE,MCODE,£40)

IF { «NOT. FZAP .AND. ASLIT) CALL ERROR(ASNUMZ,9)

7¢
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ASLIT = .FALSE.

ASNUMZ = 0.0D0

FZAP = .FALSE.

J =1 |

IF {(J .GT. 35) GO TO 210

c ——— —— -~

C SCAN THE VARIABLE FIELD

c —— [P —
IF (INPUT(J) .EQ. 126) CALL FIRST{INPUTsJsMyE40,E240)
CALL SCANZ2( INPUT,JsM,E40) )

210 IF (START .AND. ENDFLG) FZAP = .TRUE.
IF (FZAP) GO TD 20

Cmmmm e _ —— - _

C THIS ROUTINE PUTS QUT THE MACHINE CODE
C - —— e o e e s . - [
RETURN
ENTRY ZAPAR({=*)
IF { .NOT. START) GO 1O 20
GG TO 40
220 IF (SWT(1) .AND. ICC .EQ. 40) GO TO 40
DO 230 I = 1,5 :
230 Y{I) =B
BUFFER(1) =. ICC
ICC = 40
CALL BUFOUT(IFTOUT,BUFFERI(1))
GJ T3 40
. GO TO 210
250 IF (INPUT(2) .EQ. 226) GO TO 320
IF {(3JSWT} GO TU 300
J=1
MCODE = BREAL
DJ 280 I = 16,80 i
IF (INPUTI{I) .EQ. BL +ORe. INPUT{I) .EQ. 107 «OR. J .EQ. 9) GO TO
£260 '
NCODE(J) = INPUTILI)
J = Jd+1 :
G3 TO 280
260 DO 270 Il = 1,3 '
If (MCODE .EQe. PARAM(I1)) SWT{Il) = TRUE.
2740 CONTINUE
MCODE = BREAL
Jd=1
IF (INPUT{(1) .EQ. BL) GO 70O 290
280 CONT INUE '
290 INPUT(1) = 92
$JUSWT = LTRUE.
ICC = 241
GO TO 60
300 IF (GUOFL) GO YO 310
CALL $JUB(&310)
310 FZAP = ,TRUE.,
IF (GOFL) RETURN 1
GJ TO 20
320 CALL CLOSE(IFTIN)
CALL CLOSE(IFTOUT)
RETURN 1
END
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SUBROUTINE TRANSl(N,INPUT.JTYPEoNUMZvIY)

C—----————-——-—.—-—— o s o -
c . } o
C THIS ROUTINE TRANSLATES CHARACTER STRINGS INTO NUMERIC REPRESENTATION
c - |
c ————————— -
REAL*8 ASNUMZ
REAL RY/Z3FFFFFFF/ | T
INTEGER ZERO/*2::3'/,BLANK/' */,0CTALsVAL,INTR{8),A$VMOD(3),MASK/
&ZOFFFFFFF/, X
INTEGER*2 ASSIGN,A$SMOD(3), TEMP, T
LOGICAL*L INPUT(80),VALUE(40),1Y,ASMOD(3), AsFLAG,AsLIT.AsTYPE.
&CHARS{64)
EQUIVALENCE (RX,IXX) o (TEMP, INTR(2}) _
COMMON /BLOCK2/VALUE s 1 $/CHAR/CHARS/BLOCK4/ INTR/ XXXXY / IXX/BLOCKL/
EASNUMZ , A SVMOD (ASSMID yASSTGN ASMUD,ASTYPE, ASFLAG,ASLIT
o . —————— e e - -
c
ENTRY TRANS(N,INPUT,JTYPE,NUMZ,1Y)
DO 10 10 = 1,8
10 INTRUIU) = 0
© IF (1Y) GO TO 20
L =1

‘ e —— —— — Y — o — " ity s v —— —— e

CHECK FOR VALUE IN ASNUMZ AND VECTOR VALUE

IF (A$FLAG) GO TO 190

— - —

K= I3%-1
NUMZ = K
GO TO 40
20 L = N+l
K = N+NUMZ
I oS S —— —— —_— —— -

C PUT THE CHARACTER STRING INTO VECTOR VALUE

c -— ——— ———

DO 30 I = L,K

C ________________ - ————— o — —— o —
DD 70 J = 1,64 :
IF (VAL .EQ. CHARS(J)) GO TO 80

70 CONT INUE _

80 INTRO(CI-L)/5+1) = INTRO(I-L)/5+1)*64+4-1

70

30 VALUE(I-L+1}) = INPUT(I)
K = K-L+1
L =1
40 KN = {K+9)/10%10
IF (K/10*10 .EQ. K) GO TO 60
VAL = ZERD
Lo - -— ————
C CHECK THE TYPE OF THE STRING s
c ................ -_—— —— s e . e i et e e ey <
IF (JTYPE .EQ. 4 .OR. JTYPE .EQ. 5) VAL = BLANK
IF (JTYPE .GT. 4) GO TO 140
KL = K+l
DO SO0 I = KL4KN
50. VALUE(TI) = VAL
60 K = KN
DO 90 I = L,K
VAL = VALUE(T)
o o et o e e e e e e e e e e e e e o e o e e e e 0 . s 0 ot i o e s«
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90 CAONT INUE
(oo ———————— - - — - —— o - -
C TEST AND SET A$ SYMBOLS
C ................ [ -— — - -
100 IF (ASSIGN .EQ.. 1) GO TO 170
110  ASTYPE = .TRUE. -
ASVMOD{1) = (K-L)/5+1
IF ( NOT. ASLIT) GO TO 120
IXX = -1 :
RETURN
cC— -— - - —— e . - -~
C GET A VALUE FUR FUTURE PLACEMENT IN THE SYMBOL TABLE
C—————————— —— o
120 INTR(2) = INTR{2)*4096
If (NUMZ .GT. 3) CALL ERRORD(15,&130)
130 RX = AND(RY,INTR{2))
IF (JTYPE .LE. 4) IXX = INTR(1)
IXX = IXX/4096
RETURN
C —
CRIGHT JUSTIFIED CHARACTER STRINGS
- - - - — , -
140 DO 150 1 = 1,K
150  VALUE(KN-I+1) = VALUE(K-I+1)
KN1 = KN-K
_ DO 160 I = 1,KN1
160  VALUE(I) = VAL
GO TO 60
1700 KN = (K=L)/5+1
DO 180 I = 1,KN
180  INTR{I) = 1073741823-INTR{I)
GO TQ 110
C —— o o e e e i ey e e . o 2 et o i e o o P 4R e P . S R D S e e e R S P Sl P A S D M < o <t e
C VALUE OF INTEGER LITERALS
c—- -—— _—————— ——
190 K = 10
IF { .NOT. ASTYPE .AND. NOT. ASMOD(1) .AND. .NOT. ASMOD{(3)) GO TC
&310 : : :
1 =1
| M=38
CHECK TYPE FOR BASE
IF (ASTYPE) M = 10
200 N =1
210 T = TEMP/2%%12
IF (T .EQ. 0) GO TO (220,230,250,2807 4N
INTR{1} = INTR(1)+T :
INTR{2) = LAND(MASK,INTR(2))
GJ TO (22C,230,250,280) 4N
C  MULTIPLY BY BASE
220 INTR(2) = INTR(2)%M
INTRU1) = INTR{L)*M
N =2
GO TO 210 :
c ADD NEW DIGIT FOR VALUE
230 INTR(2) = INTR(2)+VALUE(I)-240 :
IF { oNOT. ASTYPE LAND. (VALUE(I)}-240 +GT. 7 .OR. VALUE(I) .LT. 0)
&) CALL ERRORD(25,8240)
240 N = 3
GO TO 210
c INCREASE COUNTER I AND CHECK IF ANY DIGITS REMAIN IN VALUE

79
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250

- 260

I = I+1
IF (I .LTe I$) GO TO 200

Nl = 3

ML = 1

M= 10 : :

IF (ASVMOD(NL) .EQ. 0) GO TO:12904300),M1
N = 4

C MULTIPLY BY THE EXPCNENT

270

CHECLK

280

290

300

310

320

INTR{2) = INTR{2)x%M

INTR{1) = INTR{1}*%M

G3 T4Q 210

IF MODIFIER IS FINISHED

I = 1+1

IF {1 .LE. A$VWOD(N1)) GO TO 270
G3 TO (230,300} 4M1

ML = 2
N1l =1
M=2
G3 TO 260

FINAL FIXUP OF INTEGER LITERALS

X = INTR{1)/4

INTR(2) = (INTR{1l)~- —X%4) %24%x2 8+INTR{2)
INTR(1) = X

INTR(1) = LANDIRY,L,INTR{1)}

CINTR(2) LAND(RY,INTR(2))
GO TO 100

151 = I$~-1

IF (I$1 .GT. 10) Is$1 = 10
M=1

00 320 I = 1,151
INTR({2) = INTR{2)+{(VALUE(I$-1)-240)*M

IF {1$-10-1 .GT. Q) INTR{1} = INTR(1)+(VALUE(I$—10 1)- 240)*H

M = Mx=8
GO TO 100
END
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SUBROUTINE SYMTABITEST,VALUE, IFLl,XVATy*)
c-- —————— - ——
c
C SYMTAB IS A SYMBOL TABLE ROUTINE CALLED CNCE FOR INITIALIZATION
C ' .

C~ e e et e e o s 2 e e _— —— -
REAL#*8 TABLE,TEST,A$NUMZ
REAL B/' Y/ .
INTEGER VALUE,FINAL,INTR(B),LIT SAVE,LOCA,IB/* '/,0CTAL,A$VMOD(3)
&£Q :
INTEGER*2 LNUM,A$SMOD(3),A$SIGN
LOGICAL*1 FIRCHR,IFLL1,JASMOD(3) ASFLAG,ASTYPE,ASLIT
COMMON /BLOCKélINTR/PRINTX/ILUC,IPLUCIBLUCKL/A$NUMZ ASVMOD,ASSMOD
&ASSIGNy ASMOD, A$TYPE:ASFLAb,A$LIT/PT/JPOINT/ARI/TABLE(I)IARZ/SAVE(A
&)/AR3/L0OCA{L) /ARS/LNUMIL1) /LITERL/LITENDs ISAVE,LIT(1}
COMMON /LIMITS/L1000,L500,L2005L1004L504LLITsLSYM/DATALI/FINAL,
ELITESSQ
EQUIVALENCE { TEST,FIRCHR)
C—ommmmm = -_— -
c
C INITIALIZE TABLES AND POINTERS
c
L=————————— -

DO 10 I = 1,FINAL
. TABLE(I) = B .
10 LDCA(I)

= @

DO 20 I = 1,LITESS
LIT(I) = IB

20 LNUM{I) = I+1
LITEND = 1
LNUMILLIT) = 1
XVAT = -1.0
FINAL = 1
RETURN

( —— ——— - . e o —— i o s i " A A - — -

C SYMTRA IS THE ENTRY POINT FOR LOADING SYHBOLS AND ITS VALUE

ENTRY SYMTRA{TEST,XVAT)

C.....__..-..___..._._.___.-..___.___-_ U —— ———n i s e et o i e St 0+
C SYMVAL IS THE ENTRY POINT FOR FINDING THE VALUE OF A SYMBOL
C ______________ et e e e s i il i b e e . — o - -
ENTRY SYMVAL(TESTyVALUE)
[FL1 = FALSE.
I ———
C ENTRY POINT FOR LABELS
C__-- -—— -— —— - —-— s -
ENTRY SYMS(TESToXVATvIFLl)
INIT = 1
30 IF (TABLE({INIT) .EQ. TEST) GOU TO 40
- INIT = INIT+1
IF (INIT LT. FINAL) GO TO 30
C ................................... - T N ——
c ENTER SYMBOL
C ________________________________ - — ———— - — < o s o > S T o ©
TABLE{FINAL) = TEST
C« —————————————————————— - — -

c ENTER VALUE

LOCA(FINAL)
INIT = FINAL

XVAT
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c ——
C UPDATE POINTERS

- e " S s o — — — -

C — - ————
FINAL = FINAL+1
IF (FINAL .GT. LSYM) CALL ERROR1{13,&70)
C - ————— : —
C OBTAIN VALUE FROM TABLES
c—- — ———— e e - —
40 INA = ILOC+IPLOC-2
IF (IFL1 .AND. LOCA{INIT) «NE. Q) I[FLl = .FALSE.
IF (IFL1 JAND. LOCAUINIT) .EQe. Q) LOCACINIT) = INA
VALUE = LOCA(INIT)
XVAT = -1.0 e
IF (LOCA(INIT) .EQ. Q .AND. {FIRCHR +OR. FIRCHR .LT. 193
&) CALL ERROR(TEST,7)
IF (LOCA(INIT) .EQ. Q) JPOINT = INIT
RETURN | |
C——-—-——_———— e -

C ENTRY POINT FOR SET STATEMENT VALUES

ENTRY SYMSET(XVAT,*)
LOCACINIT) = XVAT
RETURN 1

o - -
C ENTRY POINT FOR LITERALS ‘

ENTRY SYMLIT

Jd =1

I8 = ASVMODI(1)

IF (I8 .EQ. 0) RETURN

127 =1

JPOINT = {I27+1)/72+L500 '
50 IF (LITUI27) LEQe. INTR{J}} GO TO 80

J=1 :

127 = LNuMLI27)

JPOINT = (I127+11/72+L500

IF 127 .LT. LITEND) GO TO 50 _

IF (LITEND/2%2 .EQ. LITEND) LITEND =

LITEND+1
IF [LITEND+18 .GT. LLIT) CALL ERROR1({13,8&70)

c -—= - S
C PUT LITERAL IN THE TABLE ‘'LIT!

Cm—mm—m - -
DO 60 I7 = 1,18

60 LITOCI7T#LITEND—=1) = [NTR{IT)
LNUM(LITEND) = LITEND+IS8
JPOINT = (LITEND+1)/2+L500
LITEND = LITEND+IS8

70 RETURN
80 IF {(J «GE. I8) GO TO 70
J = J+l
127 = 127+1
GO TO 50
o - - —-———
C
C ENTRY POINT FOR DEFINING SYMBCLS
C
e —————— e -—

ENTRY SYMDEF(J)
D3 1201 = 1,4
IF (SAVE(I) .LT. L500) GO TO 100

8:2
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SAVE( 1)
"SAVE( I

= ISAVE+SAVE(1)-L500-2
GO TO 120

OCTAL(SAVE(I))

c - - —_—

C CHECK FOR THE UNDEFINED SYMBOLS

L

30 CALL'ERROR(TABLE(SAVE(I)):S)f

SAVE{1l) =0
GO TO 120
100 IF (LOCA(SAVE(I)) .EQe. Q) GO TO 90

110 SAVE(I) = OCTAL{LOCA{SAVE(I}I))
120 CONTINUE _ '
LITESS = LITEND
RETURN '
END



SUBROUTINE SCANZ2(INPUTNsM,*)

c -
c :
C THE SCAN2 ROUTINE SCANS THE VARIABLE FIELD

ISIGN —— HOLDS SIGN OF SYMBOL

ABX ~— REGISTER NAMES
WREG —— HOLDS REGISTERS. _
IVALB -- CHARACTERS OF THE PRESENT SYMBQOL
IVAL —— HGCLDS SYMBOL

OO

IXX -— VALUE FOR SYMBOL
OUNTERS
LP —-— NUMBER OF SYMBOLS IN THE STATEMENT
ID -—- NUMBER OF CHARACTERS IN SYMBOL
IMEM — MEMORY LOCATICN COUNTER
FLAGS

REG —~- REGISTER FLAG
DREG ——- REGISTER FLAG

NN AC0OONPANOOO

IXS —== + OR — SIGN BEFORE REGISTER OR SYMBOL

SAVE —= HOLDS SYMBOLS USED IN THE STATEMENT BEING SCANNED

s

—

REAL*8 SAVE{4),IVAL.BLA/* ¥/,ASNUMZ
INTEGER A3$VMOD{3),MASK/ZCLO00C07/+0CTAL

INTEGER*2 ISIGN(Q),GLTPUT(IO),A$SMDD(3) ASSIGN

LOGICAL*1 LABELFIVE,ZNUSWT

LOGICAL*1 DEL{10)/% 31,010 3,1 0 9 1 1/,

1‘;'1-.=./1HHFLG9

EABX{3)/*'A'y*3','X*/sDREG,FLAGL,B/* "/,IVALS8{8),INPUT{801,A$M0DI(3),

GASFLAG,ASTYPEASLIT
EQUIVALENCE (IVAL8{1),IVAL)}+{RI4IDR)

COMMON /NBL3/0UTPUT,IDK,FLAGL/NBL2/HWFLG,LABEL/XXXXY/IXX/PRINTX/
& IMEM, ILMEM/BLOCK1/ASNUMLZ, A$VM301A$S”DD,A$SIGN ASHMODASTYPE, ASFLAG,

EASLIT

C —

C VARTABLES USED IN THIS ROUTINE ARE INITIALIZED

c—
DO 10 I =
10 SAVELlI) =
IvaL = BLA
1 =20

ls+4
BLA

IXS
IXX
iP =20
JID = 0O
ID = 1
L =
K =
110
NUSWY = JFALSE,
FIVE «FALSE.
DREG +FALSE.
DO 20 J = N.M
IF { INPUT(J) «NE. B) GO T0 30
20 CONTINUE
30 N=J

H N -

84
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C SCAN THE FIELD FOR CERTAIN SYMBOLS

c - ——— —— -
IF (N «GT. 35) RETURN
DO 440 4 = N.M
IF (J .LT. JID) GO TO 440 ,
IF (ID .EQ. 1 JAND. INPUT(J) <GE. 240) GO TO 90
INPUTL = INPUT(J) FE
Dd 40 I = 1,10 . - _
IF (INPUT1 .EQ. DEL{I)) GO TO (60+60+220570570470+70,70,70,703,1
40 CONT INUE .
50 IF (ID .GT. 8) CALL ERRORT{IVAL,&430)
IVALB(ID) = INPLTL
ID = ID+1 '
GO TO 430
c - -
€ SIGN OF UPERAND
C ____________ -
60 A$SIGN = -1
70 If (ID .EQ. 3) GO 71O 230

IF (NUSWT) GO 7O 210

IF (INPUT(J~—
80 IF (IvAL8(1)
&CALL ERRORI1(
IF (IVALB(1)
C

€ CHECK FOR SYMBOL

IF (FLAGL1) C
IF {IVALSB(1)
30 JID = J-1D+1

1} <EQ. 64 JAND. I
.EQ. DEL(5)
10+ £450)
.EQs DELI(5)) GO TO 180

«NE. 7) GO 7O 430
«AND. I <EQ. 5 .AND. INPUT{J-1) .NE.

OR NUMBER
ALL ERRORL{10,£540)
.LT. 240) GO TO 120

C
C FIND THE VALUE O

NUSWT = .TRU
CALL FIRST(1I

——— - -——

F THE NUMBER

 —— —— -

E.
NPUT,JID,M,&100,8110)

C — e
c TRANSLATE THE NU

L e

MBER INTO BASE 8 FURM

C CHANCE THE TYPE
C PLACE THE SYM3OL

921

100 IF (ASFLAG) CALL FIXIXZVAL)
IXX = XZVAL ,
C ENTER VALUE OF SYMBOL FROM SET STATEMENTS IN THE SYMBOL TABLE
C—— —— e e - — —— i

OF SYMBOL TABLE ENTRY TO A NUMBER RATHER THAN A SYMB0OL . - .

IN THE TABLE

C

110 IVAL = IXX

120 XZVAL = IXX

130 IF (FLAGL) C
CALL SYMTRA({
IF { .NOT. D

‘ N Al . ety s A U . o U ST S . A . T - —— . . s S o - ———

C FIND THE VALUE O

ALL SYMSET(XZVAL,£&140)
IVAL s XZVAL)
REG) GO TQ 150

F THE SYMBOL

c -_— -
CALL SymvaLr(
DREG = oFALS

IVAL,IDREG)
E.

L - - —— ——

RI = AND(IDR
IvaLsg(2) =
G3 TO 260

EG 4+ MASK)

IDR+24Q

€5
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140  RETURN 1 o '
150 IF (LP .GT. 3) GO TQ 470
c - : _—
C SAVE THE SYMBOL
c —— e
IF {INPUT{J-ID) .EQ. 78 .OR. INPUT{J-ID) .EQ. 96 .OR. INPUT(J-ID}
£+EQ.” 64 .OR. INPUT{J-ID) .EQ. 107) GO TO 160
CALL ERRORL(10,6540)

160 LP = LP+1] :

ISIGN(LP) = 1 | '
IF (INPUT{J-ID) .EQ. DEL{2)) ISIGN{LP) = -1
SAVE{LP) = IVAL

e e — — - - -
C CHECK FOR END OF FIELD

c-—_..-—..__—__—_.—-...-_--_- -
170 IF {I .EQ. 5) GO TO 450

GO TO 420
180 IF (INPUT(J-1) .EQ. 92 +AND. INPUT{J-2) .LT. 193) GO TO 190
IF (I oNE. 7) CALL ERROR1(104+86540) . .
IF (QUTPUT(1) oNE. O «OR. INPUT{(J+1) .NE. DEL(5)) GO TO 440
190 IF (LP «GT. 3) GO TO 470
: XIVAL = IMEM-1
IF {FLAGLl) GO TO 130

LP = LP+1
ISIGNILP) = 1 , ,
IF (INPUT(J=2) .EQ. 96) ISIGN(LP) = -1
SAVE(LP) = 92

XZVAL = 0

CALL SYMTRA(SAVE(LP),XZVAL)
XZVAL = IMEM—1
CALL SYMSET(XZVAL,&200)

200 IF (I .EQ. 7) GO T0 470

- 210 NUSWT = JFALSE.

GO 70 430
C- -
C CHECK FOR REGISTERS
C ———— i <t o e e . —— - -—— —-— -

220 IF (ID «NE. 2) GO TQO 590
230 CO 240 IVATB = 1,3
IF (IVALB{1l) .EQ. ABX(IVAT8)) GO TO 250
240 CONT INUE :
IF {1 .EQ. 3) GO TO 50
G3 T9 80 '
250 IF (ID «EQ. 2) GO TO 410
: IF (IVALB(2) .GE. 240 <AND. IVALS8(2) .LE. 247) GO 7O 260

G3 TO 80
C—-—.---—.——--— o [— — - -~ o e v e A e 2 . i o e i s oo o S ¢
C SAVE REGISTER
R e - -

260 IF (L .GT. 3) CALL ERRORL1(1048549)
270 IF {INPUT(J-ID) .EQ. DEL{2)) IXS =1
L = L+l '
IF (OUTPUT(1) .EQ. 1) GO TO 300
I[F (QUTPUTI1) .EQ. 2) GU T 320
IF (QUTPUT(1) .EQ. 4 .OR. QUTPUT(1} .EQ. 3) GO TO 310
IF (QuUTPUT(1) .GE. 5) GO TO 350
IF ((I «NE. 4 <ANDe I oNE. 5) AND. OUTPUT(2) .GT. 2) CALL ERRORI
£10,8420)
IF (UUTPUT(1) .EQ. O <AND. OUTPUTI(2) .EQe. 3 .AND. IVAT8 .EQ. 2}
&GO TO 280
ec

-
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280

290

300

IF (QUTPUT(1)*10+0UTPUT(2) .EQ. 3) GO TO 290
IF (QUTPUT(1) .EQ. 0) GO TO 400

OPCODE 031
BUTPUT(2) = OUTPUT(3)+4

IF (QUTPUT(3) .GE. 4) CALL ERROR1({1048540)
QUTPUT(3) = IVALB{2)-240 B

GO TO 420

OPCODE 031
OUTPUTIOUTPUT(2)+1) =
GO TO 420

OPCODE 11

IF (L .EQ. 3) GO TO 310
IF (I JNE. S) OUTPUTI(2)
IF (I «EQ. 7) OUTPUTI(2)
IF {IXS «EQe. 1) OUTPUT(2)
QUTPUT(S5) = IVALB(2)—-240
OPCCDE 31 AND 41

IVALB(2)-240

I+1
1
= QUTPUTI(2) +4

IF (IXS .EQ. 1 AND. L ;EQ. 3 <AND. QOUTPUT(1) .EQ. 1 -AND.
&J-1ID) «NE. DEL{2))) K =1

310

CINPUT:

TR N g

LR e e

W TN T e .
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320

330

340

350

360

370

380

390

- QUTPUT(IVATE+2) =

IF (OUTPUT(1) .EQ. 4 .AND. OUTPUT{2) .EQ. T) K
GUTPUT(L+K) = IVALB(2)-240

K= 2 |

IF (OUTPUT(1)
Gl TO 420

QPCODE 21 -

«GEes 3) GO T3 330

IVALB(2)-240
IF {(QUTPUT(2) LE. 1) OUTPUT(2) = QUTPUTI(2)+2
G0 TO 420

IF (I JLEe. 2) OUTPUT(2) = OUTPUT(2)+1I-1

[F (I .GE. 6) GO 7O 340
IF (I «GTe 2 «ANDe I «LTo
GJ TO 420

UOPCODE 41
ouTPUTI(1) = 4 .

IF {I «GT. 7) CALL ERROR1{10,8540}

IF (BUTPUT{2) .EQ. 4) OUTPUTI(2) =1

IF (I .EQ. 6) OUTPUTI(2) = OUTPUT(2)+4
Gd TO 420 '

JOPCODE 51 AND 61 AND 71

IF {IVAT8 .NE. 2) GO TO 390
QUTPUTI(L+2) = IVALB(2)-240

IF (L .EQ. 2) QUTPUT(2) =1

IF (I «EQe 5 <AND. LP «LTe. 1) GO TO 360
IF (L .EQ. 2) GO TO 420 A
IF (CUTPUT(Z2) EQe O) OUTPUT(2)
IF (QUTPUTI(2) LEQ. 2) OUTPUT(2)
IF {OQUTPUT(2) .EQ. 1) OUTPUT(2)
IF {(OUTPUT(2) .EQ. 5) GO TO 420
IF (INPUT(J-1ID)
GO TO 420

IF (QUTPUTI(2) .EQ. 7) GO TO 380

CALL ERROR1{16,8460)

4+1XS
3
6+IXS

won o

OUTPUT(6}
OuUTPUT( 4)
OUTPUT(5)
QUTPUTI(6)
Gu TU 420
IF (L «NE.
[F (FIVE)
FIVE = TR

CALL ERROR

gurTPuUT(4)
QuTPUT(5)
OUTPUTI(6)
0

nouou

2) OQUTPUTI(5) = DUTPUT(4)

UE.

1{10,8&420)

on
e

5) CALL ERROR1{10,8&540C}

3

«NE. DEL(2) AND. IXS .EQ. 1) GO TO 370
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BUTPUT(4) = IVALB(2)-240
OUTPUT(2) = [VATS8-1
IF (L <EQ. 3 .0R. (I .EQe 5 +ANDe LP oLT. 1)} GO TO 360
GJ TO 420 e
400 OUTPUT{L+1+IDK) = IVALB(Z)—24O
IF (IDK .EQ. 1) IDK = -] g
[F (IVAT8 .NE. 2) CALL ERRDRD(lo,&420)
GO TO 420 .
410 IF (1 .EQ. 5) GO TO 80
DRE(J = oTRUEo
420 ID = 1)
. IVAL = BLA
430 IF (1 <EQ. 5) GO TO 450
440 CONT INUE
- 450 IF (LP JLT. 1) HWFLG = .,TRUE.
IF (FLAGL) CALL ERRORL{10,8140)
If (OUTPUT(1) +EQ. 0) HWFLG = .FALSE.
IF (LP .GE. 1) GO TO 470
460 RETURN
C.... - - - -—
(o
C COMPLETE OQUTPUT VECTOR
c
c...--.—..__.._-.._ —— - ——— - -——
470 IF (LP .LT. 1) GO TO 570
o [F (CUTPUT(1) <EQ. 1) CALL ERROURI{10,£540) L
IF (OUTPUT(1) .EQ. 3) CALL ERROR1(10,8540) .
IF {OUTPUT(2) .EQ. 3 .OR. JUTPUTI(2) .EQ. 6) GO TO 480
IF (OUTPUT(1) .EQ. 4) CALL ERROR1(10,8540)
c e e . s o s i o e i e <t e
C FIND VALUE OF SYMBOL FOR QUTPUT VECTOR
Lo e e - - e e e e e e e e
480 IZvaL = 0 o

e J— — -

C TOTAL VALUE OF SYMBDLS
— - - -
JUNDEF = 0
00 490 I = 1,LP
IF (SAVE(I) .NE. BLA) CALL SYMVAL({SAVE{I),IzV1)
IF {IZV]1 .LT. O JAND. ISIGNI(I) +EQ. —-1) CALL ERRDRI(IO,&SQO)
IF (IZV] .LT. 0) JUNDEF = JUNDEF+1
IF (IZV]1 .LT. 0) IZVl = O
490 IZVAL = IZVAL+IZVI*ISIGNI(T)
IF (JUNDEF .GT. 1) CALL ERROR1{10,8540)
IF (QUTPUT(1) .GE. 2 .AND. OUTPUTI(1) «LE. 4) GO TO 560
IF (IZVAL .GE. Q) GO TO 500

[ZVvAL = ~-12ZvAL
IZvAL = -0CTAL{IZVAL)-"
G3 T0 510
500 IZVAL = OCTAL(IZVAL)
(e e e e e —— ———
C CHECK FOR A NEGATIVE NUMBER AND FIND ITS COMPLEMENT
G e e e e D - —_—

510 " IF (IZVAL .LT. O) IZVAL = 777777- IABS(IZVAL)
[F (IZVAL .GE. 777777) GO TO 550
520 D3 530 1 = 1,6
IFIN = IzvaL/10
OUTPUT{I10-1+1) = [ZVAL-IFIN*10
IF {IFIN .EQ. 0) GO TO 540
530 IZVAL = IFIN

YD 0% 65 1™ £ e o~ e e T T
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540
550

560

570

RETURN

CALL ERROR{SAVE(1l),2)

RETURN
HAFLG = +TRUE,
Il10 = 5

IF (IABS(TIZVAL) .GT. 60) CALL ERROR1{18,£540)

IF (IZVAL .iLT. 0) IZVAL
GO TA 500 ’

[ZVAL = [IMEM

HWFLG = FALSE.

G3 70 520

END

60+T1ZVAL
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SUBROUTINE OPTAB(NCOCE,MCODE y*)

C-- —— -— [ —— ——
C .
C OPTAB CECODES THE OPERATORS INTO THEIR CODE
Cc .
C NCODE -— HOLDS CHARACTERS OF OPCODE .
C THREE TYPES OF OPCODES CODESA, CODESB AND CODES
c o .
c ____________________ [p— A i A R S S A Sl S D D SR S s D el o . A e a4
REAL*8 TEST, CDDES(?)/ TRACEUN' *TRACEQFF ', *SET *L'END , v
&DENT ', 'ORG*, 'BSS*/,MCODE, BLANK/' '/
INTEGER OCTAL,MASK/ZOOOOOOO?/ o
INTEGER%2 ZAR,QUTPUTI(10) yCODESB{25)/1PSY, "R, *JP", YIR L INZ?,1PL Y,
EINGT p "IN tPAT 0PI, 1PN L 1PCY,IPHY,*NOY,'EQY,"NE?,*GE?, YLE", "4,
EGT , *LT ', VIR, TOR L IDFT, [0/, IN2CL(25)/090409091+2+3+1429354454+6
£090901090+3¢090+%49596,7753IN2C(25}/09192¢39393+3919131s1lslsls69%e5
E6s6931 797939393937 3INC1I{14)/72+929193909393939294929292+4/4INC2{14}.
8091409640909 2+414979649795,3/7 : :
LOGICAL*] CODESA(14) /LYy A, tB8 [ ,0S5 8 ,tFE0 IRV IRY,INY,*Cet,'U", i
GP YL 121, MY/ FLAGLENDFLG,TRACEF,8L/? */,NCODE{12),TEST21(8),START, =~ =
&0RG,ERFLGsSTOPFL,FZAP
COMMUN /NBL3/0UTPUT,IDK,FLAGL/NBL1/START,TRACEF, ENDFLG,FZAP/NBL4/ _p;
EIBSSYyERFLGYORG,,STOPFL :
EQUIVALENCE {MCODE,ZAR) y{TEST2{1),TEST) i
c;.'..--...,-..—————--—_;_-—_ - - , - -
© .. FLAG1l = JFALSE. -
ENDFLG = LFALSE. .
IDK = 0
DO 10 I = 1,8
10 TEST2(1) = NCODE(I+3)
N =1
D3 201 = 1,1
20 QUTPUTI(I) = O
C ______________ - - — -
C FIND JPCODE
C——-" —_— — — - —— ——
DO 30 J = 1l.14
IF (NCODE(1l) .EQ. CODESA(J)) GO TO 90
30 CONT INUE
40 D 50 J0 = 1,25

IF {(ZAR .EQ. CODESB(JQ)) GI3 TO 220
50 CONTINUE

60 D3 70 JO = 1,7
IF {MCODE .EQ. CODES(JO}) GO TO 280
70 CONT INUE o B
[F (MCODE .EQ. BLANK) RETURN
80 CALL ERROR{MCODE,N) .,
RETURN 1
G e e e - - —
C CHECK DPCODES
C __________ - - > 42 i i D < B A L P D A S e R D R A S A D D AP T T S A . e o ¢
90 IF (J .EQ. 5) GO TG 200

IF (NCODE(2) «.NE. 231) GO TO 40
100 IF (NCODE{(3) .EQ. 75) GO TO 159
I = NCUDE(3)-240
IF (I «GE. O +AND. I LE. 7) GO TO 110
G3 TO 80 4
110 [F (NCODE(4) .NE. BL) GO T3 80
120 IF (J .EQ. 5) GU TO 210
QUTPUT(1) = INCL1(J)

a0



OQUTPUT(2) = INC2(J)

c_-————--————-—-—— — - - —— - ———
C PUT CODE IN OUTPUT VECTOR
e e e e e - - —
130 QUTPUTI(3) = T
IF { «NOT. START) GO TO 140
RETURN
C __________ e - - -— —— ——— i v
C FLAG MISSING IDENT STATEMENTS
Lo e e = —— -— - —
140 START = TRUE.
ERFLG = JFAL SE .
CALL EPRORD(17 8240)
G
C FIND RtGISTER NUMBER
C U, — — e . e o e e —— - -

150 IFf (NCODE(12) .NEe. BL) GO TO 80
: IF (NCODE(4) .LT. 240) G3 70O 190
I =0
D3 160 J0O = 4,11
IF (NCODE(JO) .LT. 240) GO 7O 170

160 I = I[*10+NCODE{J0)-240
170  IF (NCODE{JO) .NE. BL) GO TO 80
I = OCTAL{T)
180 I = LAND(I,MASK)
' GO TO 120 -
C ______________ ——— oo o
C FIND VALUE OF SYMBOLS USED IN THE opcooe
C ____________ ——— [ - -
190  CALL SYMVAL{TEST,I)
GO TO 180

200 IF (NCODE(2) .EQ. 231 .0OR. NCODE{2) .EQ. 194 .0OR. NCODE(2)

&£193) GO TO 100
GO TO 40

210 QUTPUT{1) = NCODE(2)-188
IF (QUTPUTI1) .GE. 7) QUTPUT(1) =7
QuUTPUT(2) = 1
GO TO 130 ,

220 IF {JO .GE. 8 .AND. JO .LE. 13) GO TO 260
IF {NCODE(3) .NE. BL) GO TO 60
OUTPUT(2) = IN2C{JO)

QUTPUT(3) = IN2C1(J0)
IF (JO EQ. l4) GO TO 250
IF (JO .EQe. 18 40ORe. JO .EQ. 20) IDK =1

230 IF (JO .EQ. 1) STUPFL = .TRUE. o
iF { «NUT. START) GO TO 140

240 RETURN

250 OUTPUTI(L) = 4
GO 70O 230 .
260 QUTPUT(2) = IN2C(J40)
IDK = 2
OuUTPUT(3) IN2C1CJO)

IF (NCODE(3) .EQ. BL) GO 7O 270
iIF (NCODE(3) .LE. 240 .0OR. NCODE(3) .GT. 247) GO TO 80
BUTPUT(4) = NCODE(3)-241 ’
IF (NCODE(4) .NE. BL} GO TU 80
270  IF [ .NOT. START) GO 7O 140
RETURN

«EQe

C PSUDEU OPCODES  SET UP FLAGS
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280
290
300

310

320
330
340

350

360

N =3

GO TO (25C,300,210,340,320,

TRACEF = .TRUE.

GO TO 330

TRACEF = .FALSE.

GO TO 330

FLAGL = .TRUE.

FZAP = .TRUE.

IF ( «NOT. START) GO TO
GO TO 240

ENTRY $J0B{%*)

IF- (START) GO TG 350

START = ,TRUE.
ERFLG = .FALSE.
RETURN 1

IF ( «NOT. START) GO TO
CALL TABFIX

ENDFLG = .TRUE.

G4 TO 240

ORG = .TRUE.

I8SS = Jo-6

IF { oNOTe. START) GO TO
GO TO 240

- END

140

80

140

92

36043601, 40

A
ig®
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SUBROUTINE E$$$$SE(OPCODE 4Ny*)

— - ——— i S —— b S~ — " —— —— —— -

10

20
30

Cw—-

c

C &

COMPLEX*16 ERR{44+26)40UTI(9),4XyY,Y1

REAL*8 X1{(2),3PCODE .

LOGICAL*1 BUFFER(133),ERFLG,SWT{3),L

DATA ERR/? STRING *,' IS NOT AN OPCOD','E. PROBABLE CAUS*, 'E, MIS
GING BLANK®, ' SYM3OL ', HAS AN 'IMPROPER?',! VALUE 'y' ', ' QPCODE
s IS MISPLACED ',2%* ', v [LLEGAL LITERAL',' QJR CONSTANT®*,2%1 1,

GSYMBOL ', ' IS UNDEFINED *,2%* ¢,¢ QVERFLOW OR UND?', *ERFLOWN CONDIT

EON ' 2%t 1,+ SyYM30L !',*' HAS AN ILLEGAL 'y 'CHARACTER ", 1 9,t SYMBOL
&'y ' IS TRUNCATED *,2%*® *, ¢ SYM30L *,'IS ALREADY DEFIN®'y%ED v, @,
& ILLEGAL OPERAND',3%® 9,3 [LLEGAL CONSTAN', T t92%% 1,' TLLEGAL Ui
GCIMAL®,' POINT *,2%' 2,% TABLE OVERFLOW,',' PROGRAM TOO LARY, 'GE

Gyt ', " EXPUNENT TOO LA',¥RGE 1,2%1 '+!' CHARACTER STRIN',*GS OVER

& CHARAC ', 'TERS wWILL BE TRU', *NCATED *,* ILLEGAL SIGN INt',* OPERANE - -
& 1y2%t 0,3 MISSING IDENT S*,*TATEMENT *,2%1 t,¢ ADDRESS QUT OF %,

ERANGE, OR CONSTA®, 'NT TUO LARGE®.' *,0 ENTRY POUINT IS ', *UNDEFINE{

& '42%% .t NJ STOP STATEHME', *NT ",2%1 v, * CHARACTER STRIN','G TRY*
GCATED AT 4%,'0 CHARACTERS *',* ¢, t SYMBOL 's' APPEARS TO FOLL',*( -

& A CHARACTER S*,'TRING DELIMITER 1, ' SYMBOL *+" IS ILLEGAL',2%!
& 's' P CUNSTANT IGNG'y *RED IN INTEGER C'y "ONSTANTS t,7 1,98ASE 8 \
BALUE', *CONTAINS CHARACT ', *ER QOTHER THAN', #0~71*,*NO QPCODE', 3% 1/
DATA Y/'O0SSSERRIORS$S——— 1/,Y1/'0$$WARNINGSS—— v/
CATA QUT/9=%% 1/
CATA IFTOULT/6/
EQUIVALENCE (X1(1)4X),{BUFFER(1),0UT(1))}
COMMON /NBLT/SWT,L/NBL4/I3SS,ERFLG
ENTRY ERROCR{OPCUDE,.N)

. e > s ot e o s s e i - — - - -

ERFLG = JTRUE.
OuT{l) = Y

X = ERR{1,N)

X1(2) = OPCODE

ERR{14N} = X

DO 30 I = 2,5

OUT(I) = ERR(I-1,N)}

CALL BUFQUT{IFTOLT 4BUFFER)
X1{(2) = 0.0

IF (N «LE« 5 «ORe N <EQe 7 «OR. N .EQ. 9) RETURN
RETURN 1

ENTRY ERROR1{Ng*)

ERFLG = .TRUE.

ouT(l) = Y

G3 TO 20

. — - — > — - ——— . - — ——— by — s —— — - ey - —

RRORT IS AN ERROR MESSAGE RCUTINE FOR TRUNCATION

. s S S o — ——— t— . o e . i D - ———— — e — -

ENTRY ERRORT{UPCODE,*)
IF {SWT(2)) RETURN 1
IF (L) RETURN 1

L «TRUE .

N 8

Oout(l) = vl

GO TO 10
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ENTRY ERRORD(Ny*)

IE (SWT(2)) RETURN 1
IF (L) RETURN

IF (N .EQ. 25) L = « TRUE.
ouT(lL) = v1

GO 1O 20

ENTRY ERROT{OPCODEsN)
IF {(SHAT(2)) RETURN
gutTil: = vl

GO TG 10

END

on
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SUBROUTINE STCODE

( . . S A — — - — - T " ———— — i S D A A P D D S N VD < - - - ——— —-— o

c

. C STCODE INITIALIZES THE MEMORY FOR OUTPUT OF THE MEMORY WORDS

c

‘ s o . S T " . - —— — - o

COMPLEX*16 PRINTO,AD(5),AC(9) ,LBL,COMPIL,EXECUT
EATA LBL/' '/,AD/" LOCATICN' o *CONTENTS?,? EXECUT?, *ABLE S
&OURCE STAT','EMENTS %/ '
REAL RT/Z4030C00300/
INTEGER CCDE yMEMORYsMASK/Z3FFFFFEF/ 9 XXy SAVE,LIT
INTEGER*2 IPOINT,IVECLS,JUTPUT(10),VEC
LUOGICAL*1 HWFLG,BTH,ENDFLG,TRACEF,LABEL, DRG:START,ERFLG'STOPFL'
E0JTPUULS) y3UFFER(L133),SHT(3),FZAP
DATA AC/9%' '/,EXECUT/' EXECUTION TIME ¥/
DATA IFTOUT/S5/.COMPIL/® COMPILE TIME Y/
COMMIN MEMORYI(1)
COMMON /NBLT/SWT
COMMON /NBL3/0UTPUT/PRINTX/I,IL/NBLL1/START,,TRACEF,ENDFLG+FZAP,T/
ENBL2/HWFLG, LABEL/NBL4/IBSS,ERFLG 4URG+STOPFL/PT/JPOINT
COMMON /LIMITS/LLIO00,L500,L200, LlOQaLSOyLLITvLSYM/DATAZ/INS 130/
&ARZ/SAVE(1)/ARb/IPUINT(l)/AR?/IVECIS(1)/LITERL/LITtND IND,LIT(L)
COMMCN /PAGE/PRINTG{(5,1)
CO4MON /PAGE2/ISEEK,VEC(1)
EQUIVALENCE (CCDE RX):(XX;RR),(AC(I)'BUFFER(I))
DO 10 I2 = INS
MEMORY(I2) = O
MEAORY{IZ2+L500)
. IPOINT{I2+L503)
10 IPOINT(I2) = O
DO 20 12 = 1,130
20 IVEC1S5{i2) = O
L339 = L5001
I =1
130 = 1
it =1
ORG = .FALSE.
HWFLG = JFALSE.
STOPFL = .FALSE.
BTH = .FALSE.
RETURN

[ oo e e e e e e e e e i e e e

c
C MACODE IS CALLED TO CHANGE ThHE OUTPUT VECTOR INTO ONE 60 BIT WORD

C THIS WORD IS STORED IN 2 MEMORY WORDS 1 AND 501

iHon
(@]

C
S, e - —_— — -
ENTRY MACODE
IF {1 .GT. L500) CALL ERRQJQRI1{13,£230) o
IF (OUTPUT(1) .EQe ¢ ~AND. QUTPUT{2) .EQ. 6) HWFLG = .TRUE.
CODE = O
C AN QOPERATION IS PREFORMED CN THE OUTPUT VECTOR TO GET THE PROPER CODE
KL = 1
KTM = 2%%30
30 D3 40 K = K1,10
KTM = SHFTR{KTM,3)
IF (OUTPUT({K) .EQ. 0) GO TO 40
CODE = DUTPUT{K)*KTM+ZUDE
40 CUNTINUE
Cmmmmm e m - —— e o e o et o e e 2 e e o e e o 2 4 e i e %

9%
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C CHECK FLAGS

IF (ORG) GO TO 60
IF (ENDFLG) GO TO 110

IF (IL .EQ. 3) GO TO 340
U = IL _
1Q = I B
IF (LABEL .AND. IL .EQ. 2) GO TO 90

50 IF (BTH AND. «NOT. HWFLG AND. IL «EQ. 2) GO TO 100

IF {BTH .AND. HWFLG .AND. +NOT. LABEL) GO TO 170

IF (BTH) MEMORY(IQ-{IU-1)#*L99+L99) = MEMORY (IQ-(IU-1)*L99+L99)+

619456

BTH = .FALSE.

IF (HWFLG) BTH = . TRUE,
IF (IL .EQ. 2) GO TO 210

Crm———— e - —_— - —

C CJODE FOR THE FIRST HALF OPCODES

‘ R S I ot S S S s o i T D . ot T A A o i i s o e o — —

IF (TRACEF) RX = OR(RT,CODE)
MEMORY( 1) CODE

IPOINT(I) JPOINT

=2

VEC{ISEEK) = 1

IF (HWFLG) VEC({ISEEK) = 2

i n

—

L ———
60  ORG = LFALSE.
IF (COOE .LT. 0 .OR. CODE .GE. L500) GO TO 70

IF (Il «EQ. 2 .AND. BTH) MEMORY(I) = MEMORY(1)+19456

IF (IL +EQ. 2) MEMORY(I+L500) = 822083584

IF (IL .EQ. @I .AND. BTH) MEMORY(I-1+L500) = MEMORY({I-1+4L500)+19455%

IF (IL JEQ. 2) I = I+1
It =1

1 = CODE+{I-1)*IBSS+1
PRINTO(1,ISEEK) = CODE
VEC(ISEEK) = 8+IBSS

GO TO 80

70 PRINTO(1,ISEEK) = 0.0

CALL ERRORD(18,880)
80 RETURN |

c ________________ a——— —— R . e . o s A o " e e i o g :.’
C CODE FOR FORCING UPPER _
c _— - - S —_—— -
90 MEMORY{I+L500) = 822083584
I = 1+1
It =1
GO TO S50

(e —— ———— e e e e
100 RR = AND(MASK,CODE) -

VEC(ISEEK) = 7

CODE = XX

XX = XX/32768

MEMORYUI) = MEMORY(I)+XX

XX = CUDE-XX%®32768

XX = XX*%32768

MEMORY{ I+L500) = XX




N OO

MYAIW VT A N W TN VR VT WV T W N WL N VYU AW O 0N O O W

-

e B el R i T W N

IF (JPOINT «NE.
IF (JPOINT «NE. 0) I30 = 130+1}
IF {I30 .GT. L50) CALL ERROR1{13,&230)

0) IVEC15(I30) = I[+L500

GO TO 220
C-..-.—-———-—..-——-—— — - -—
CODE FOR END STATEMENTS
C- - —— —

110  MEMURY{L1000) = CODE

IF (COUE +LT. 0) CALL ERRORL1{19,£120)
120 IF (ERFLG) CODE = -1 -

CALL $TPTMIT)

AC(1) = COMPIL
130 J = T%100

DO 140 I = 2,9
140 AC(1) = LBL

NS = 27 ,

DO 150 I = 1,10

BUFFER(NB-I) = J-J/10%10+240

IF {1 .EQ. 2) N8 = 26

IF {J «EQ. O AND. I .GE. 3) GO TO 160
150 J = J/10 :

160 BUFFER(24) = 75
" BUFFER(28) = 226
BUFFER(29)} = 157
BUFFER(30) = 195
BUFFER(31) = 226
BUFFER(32) = 75
BUFFER{17) = 126

BUFFER({L1l) = 96
CALL BUFOUT(IFTOUT,BUFFER)

IF {(CODE +EQe —2) RETURN
CALL STRTM{TIME)
T = TIME
IF (CODE .GE. 0) CALL CDCINT
CALL sTPTM(T)
CODE = -2
AC(1) = EXECUT
GO TO 130
Cmm e e e o e - _— — —_— -
CODING QUARTER WORDS
C..... — e o e
170 CODE = CODE/2=%%*15
VEC{ISEEK) = 3
IF (IL-1) 180,180,190
- 180 JJ = [+L99
VEC( ISEEK) = 6
GO TO 200
190 JJd = 1 R
200 MEMORY(JJ) = MEMORY{JJ)}+CODE
BTH = +FALSE.
G3J T4 230
(e e e e e e e e e e e e e i i e e e o e s
CODE SECUND HALF WGRD OPCODE
c— —————————————————rr e ——— - ——————————.

210 MEMORY(I+L500) = CODE
VEC({ISEEK) = 4
IF {HAFLG) VEC(ISEEK) = 5
220 IPOINT(I+L500) = JPOINT
IL =1
I = I+1

a7
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RETURN

Y
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LITERAL TABLE IN MEMORY AFTER END UF PROGRAM

240

250
260

AND SET .UP ADDRESSES

ENTRY TABFIX ‘ _ -
IF (I .GT. L500) CALL ERRORI1{:13,8230)
IF ( NOT. STOPFL) GO TO 390"

IND = 1 . ,

IF (IL 4EQ. 2) IND = [+l

LITI = LITEND/2+IND

INS = LITI+2

IF (LITI .GT. L500) CALL ERRORL(13,£230)
IF (LITEND .LE. 1) GO TO 260

DO 250 J = IND,LITI

MEMORY(J) = LIT(2%J=2%IND+1)
MEMORY{J+L500) = LIT{2%J=2%IND+2)

LAST = 1 :

J1
L

1
IND-1

—— —— . > s e S

C -

C FINDING UNDEFINED SYMBOLS

C.-'._..._

DO 300 J = J1,I1
IF {(IPOINT(J) EQ. 0) GO TO 300
LAST1 = LAST-1 ‘

IF [LAST1 .GT. L200) CALL ERRORL (13,8230}

280

290

300

310

CO 280 N1 = 1,LAST1
IF (IPOINT(J) .EQ. SAVE(N1)) GO TO 290

CONTINUE - ’
SAVE{LAST) = IPOINT(J)

IPOINT{J) = LAST

LAST = LAST+1

GO TO 300

IPDINT(J) = N1

IF (LAST .EQ<. N1) LAST = LAST+1

CONT INUE

IF (J1 .GT. L500) GO TO 310

J1 = J1+L500

Il = [1+L500

GO TO 270

LAST = LAST-1 .

IF (LAST .EQ. 0) GO TO 410

C DEF

330

—— e - s

INE SYMBOLS

Y i e, . et S S — Vo s DBl TR AT . O el St W S — b 2

CALL SYMDEF{LAST)
LD = 1

[ZVAL = SAVE{LD)

IF (SAVE(LD) .LT. 8) GO TQ 350
00 330 Il = 1,6

IFIN = IZVAL/10 ‘
OUTPUT(10-1141) = IZVAL-IFIN*10
IZVAL = IFIN

KL = 5

KTM = 2%%18

IL =3

CODE = 0

G3 T4 30

340
350

SAVE(LD) = CODE
LD = LD+1]
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IF (LD .LE. LAST) GO TO 320

570

J1 = 1
o Il = IND-1
360 DO 380 J = J1,I1
[F (J .EQ. IVEC15(I30)) GO TO 370
IF (IPOINT{J) .NE. 0) MEMORY(J) = SAVE(IPOINT(J))+MEMORY(J)
GO TO 380 B o
370 MEMORY(J) = SAVE(IPOINT(J))*32768+MEMORY(J)
130 = 130+1
380 CONTINUE
IF (J1 .GT. LS00) GO TO 410
J1 = Jl1+L500
11 = I1+L500
130 = 1
GO TO 360
390 MEMORY{I+{IL-1)%1500} = O
CALL ERRORD(20,8&400)
400 IF (IL 4NE. 2) I = [+1
GO TO 240
410 I1 = LIT!
IF (SWT{3)) GO TO 680
C - - - - - -
C OQUTPUT OF MEMQRY
C....... R -
1 =0
ISN = 0 :
DO 420 J = 1,5
420 AC({J) = AD(J)
BUFFER{1l) = 9%
430 CALL BUFBUT({IFTOLT.BUFFER)
DO 440 J = 1,8
4490 AC{Jj} = LBL
450 ISN = ISN+1
IF (ISN .GE. ISEEK) GO 7O 650
IVRC = VEC({ISN} ‘
GU TO (460,49C+550,6204620,610,5504630,640) ,IVRC
: GO TO 450
460 I = I+1
K = MEMURY(I)
N1l = 21
470 K = LAND{MASK, K}
D3 480 J = 1,10
BUFFER{N1—J) = K-K/8%8+240
480 K = K/8 .
GO TO (5204+490,+580,580,60046004600,660,670),IVRC
490 NS = 15 )
500 D3 510 4 = 1,5
QUTPUUIJ) = BUFFER(NS+J)
510 BUFFER(NS+J) = &4
IF {NS .EQ. 25) GO TO 580
520 ASSIGN 580 T3 JUMP
530 12 = -1
DO 540 4 = 1,3
BUFFER(T-J) = 12-12/8%8+240
540 12 = 12/8
GO TO JUMP, (580,460,620)
550 NS = 15
560 DO 570 J = 1,5
BUFFER{NS+J) = QUTPUUI(J)

IF (IVRC .EQ. 7} GO TO 620

a9
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580
530

600

630
6440

650
660

670

680

690

700

DO 590 J = 4,8

AC{J) = PRINTO(J-3,1SN)
G3 TO 430

N5 = 25

GO TO 500

N5 = 25

GO TO 560

K = MEMORY(I+L500)

N1 = 31

GO TO 470

1 = PRINTC{1,ISN)

GO TO 450 .

I = I4PRINTO(1,ISN)

60 TO 450 =

IF (LITEND .LE. 1) GO TO 680
IVRC = 8 .

G3 TO 460

IVRC = 9

ASSIGN 620 TO JUMP

GO TO 530

CALL BUFOUT(IFTOUT,BUFFER(1))
IF (I .LT. I1-1) GO TO 650
DO 690 IIF = 1,10
ODUTPUT(IIF) = O

IF (START) CALL ERRORL(19,8120)
RETURN

END

1n°
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SUBRJUTINE FIRST(INPUT:JyM,* *)

‘ S D et e A i, s Al A - i - — s

~C FIRST IS ANOTHER SCAN ROUTINE FOR THE VARIABLE FIELD

C CHARACTER STRINGS AND NUMBERS ARE DECODED

C
C FLAGS

c SWAT(1) —— NUMBER ENCOUNTERED

c SWT(2) —— CHARACTER MUST BE MOVED TO VECTOR VALUE
c SWT(3) —— POST RADIX MODIFIER FOUND

c SWT{4) —— DECINMAL POINT

C .

REAL*8 A $NUMZ,CAD

INTEGER $IN,ZVALUE(10),I1BZ/' */,A$VMODI(3)

INTEGER*2 ASSMOD(3),A$SIGN

LOGICAL*1 SWT(4)4ZB/*' */,INPUT(80),A3M0D(3)4ASTYPE,ASFLAG, ASLIT,
&sALL(lél/OSQ'Cpf,lE!,!‘.',l-’,l:‘ !CI"ZI”LI’lHl,CA!,IRI,IOE,‘B',
&0y ' 4 '/ VALUE (40) . : .
EQUIVALENCE {VALUE(1),ZVALUE{1))

COMMON ./BLOCK2/VALUE, IS/BLOCKI/A$NUMZ'ASVMOD,AS>MOD A$SIGN, A$M0D,

GASTYPEZASFLAG,ASLIT

O e i —— — - —— [—

C INITIALIZE VARIABLES

. C : - . o - - -

ASLIT = LFALSE.

ASFLAG +FALSE.

ASTYPE « TRUE.

DD 10 I = 1,3

AsSVMODI(T1) 6]

ASMOD(1I) = L FALSE,
10 ASSMODI(T) -1

AsVMODI(2) -1

ASNUMZ = 0.00000000D0

A$SSIGN = -1

DO 20 I = J.M :

IF (INPUT{I) .NE. ZB) GO TO 30
20 CONT INUE '

I =M
30 J =
40 I$ = 1

DO 50 I = 1,10
50 IVALUE(I) = I8

NPCOL = O

I X08 0

NUMZ 0

DO 60 I = 1,4
60 SWT{1) = JFALSE.

DO 140 L = JoM

INPUTL1 = INPUTI{L)

IF (INPUTL .CE. 240) GO T0 110

DO 70 INT = 1,416

IF ( INPUT1 JEQ. SALLUINT)) GO TO (280+2804280,90,90+80,150,150,15

&9150,150415C+1204120,412C45100) 9 INT .

z

It u

70 CONT INUE

123 = L

[F (M <EQ. 80 «AND. J +EQ. M) INPUTL = 240
IF (M .EQ. 80 AND. J .EQ. M) GO TO 110

GO TO 380

101
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C - —— - — -

C SET As SYMBOL FLAGS

C- — - —-—— e e e e e e e e ————————————
80 IF (ASLIT) CALL ERRDRl(lO &390)

ASLIT = .TRUE.

GO 70 130 4 : -
90 IF (SWT{1)) GO TO 250

ASSIGN = INT-4

GO TG 130
(e e e e e - - -
C FLAG JECIMAL POINT
S _—

100 IF {(SWT{(4)) GO TO 390
IF (SWT(3)) CALL ERROR1(10,&390)
IF ( «NOT. ASLIT) CALL ERROR1{10,&390)

NPCOL = L .
SWT{4) = LTRUE.
. GO TO 140
110 SWT{1) = .TRUE.
IF (1% .GT. 20) CALL ERRORI(lly&ZSO)
VALUE(I$) = INPLTL
I$ = 135+1

ASNUMZ = ASNUMZ%10+INPUTL-240 " o
IF [ oNOT. ASLIT .AND. ASNUMZ .GT. 777777.0) CALL ERROR1{18,£390}

GO TGO 130
Lo e e —— - - - - _— - -
" CHECK POST RADIX MODIFIER
C -_— - ———— —_— —_—

120 iF (SNT(B)) GO TO 390
IF (SWT(4)) CALL ERROR1{iJ,£&£390)
IF (INT JLEe 14) ASTYPE = FALSE.
SWT{3) = ,TRUE.

130 ABFLAG = JTRUE.

140 CONTINUE

GO 76 380
C ———— s > i s A i, v oy it et
c
C CHARACTER STRINGS
c
o - - - -

150 JTYPE = INT-6
ASFLAG = LFALSE.
NUMZ = ASNUMZ
[F (SWT(1})) GU TO 180
IF ( .NOT. ASLIT) GO TO 392

$IN = INPUT(L+1)
IPS = L+2 :
160 Is = 1
C ....................................................................
C SEARCH FOR DELIMITER
C... ——————————————————— — — T e . i .t e . o . . . . . " S > > 2 T T e S s M 2 e b <2
B3 170 1Z% = IP$s,M
IF ($IN +EQ. INPUT(IZ3%)) GO TO 220
IF (I35 «GT. 40) GO TOQ 200
VALUE(I$) = INPLTI(IZS$)
[$ = 1$+1
170 CINTINUE
RETURHN 2
C _________________________________________________________________

C FIND NUMBER OF CHARACTES IN STRING

102



WINN=~O VOO0 nN -~ OO0 0dOo

COVoO~NO WS

NLHLWNHO OOV EWNEFEFOOVONOWM W

Jb = 6
Gy TO 340

180 [F [NUMZ .EQ. O0) GO T0 190
INPUTL = INPUT(L#NUMZ+1)
SWT{1l) = .FALSE.
1Z$ = L+NUMZ+1
SHAT(2) = .TRUE.
GO TO 230
190 iPs = L+1
$IN = IB
GO TO 160
200 CALL ERRURDI(21,&210)
210. INPUTI(IZ$+1) = 28
128 = 1Z23%+1
GO TO 270 _
220 INPUTL = INPUT{IZ%$+1)
, [Z$ = [2%+1
230 IF ( INPUT]l .EQ. IB .0OR. INPUT1l .EQ. 107) GO TO 270
CAD = INPUTL
CALL ERROT{CAD,22)
240 CALL ERROR1{4,£250)
250 Jd =1 N
IF {ASLIT) CALL ERROR1(11,8260)
260 RETURN 1
270 CALL TRANS{LINPUT,JTYPEJNUMZ,SWT(2))
C- —— "‘““--“—' - — — D D SR D D D U Sl S W D D e b hand
" C PUT LITERALS IN TABLE *LIT!
C ............. -— ——
IF (ASLIT JAND. M .LT. 80) CALL SYMLIT
J = IZ% .
[F (INPUTIIZ$) .EQe Z3 «0Re IZ% .EQe. 80) RETURN 2
CAD = INPUTI(IZS)
CALL ERROTI{CAD,23)
CALL ERROR1{11,&250)
C [N, - — —— - -t -
c
C NUMERIC NOTATIONS
c
C _____________________ — — -~ — v
280 ASMOCU{INT) = .TRUE,
J$23 = INT
IF (SWT{4)) ASNUMZ = ASNUMZ/10.%*(L—-NPCOL-1)
IX0B = J$23
L = L+1
DO 340 1 = LM
INPUTL = INPUTI(I)}
IF (INPUT1 .GE. 24GC) GO TO 310
D2 290 J% = 1,5
IF (INPUTL «EQe. $ALL(JS$)) GO TO 320
290 CONT INUE
GJ T3 350
C ................ — — — .~ S > S A IR S S A it i <0 D D <l i W S D S W i A D S
C ENTER MUDIFIER AND VALUE IN AS$ VECTOR
C_.. __________________________________ - - — —— - -
300 IF {(IY0B .GE. 4) CALL ERRJOR1(11,6250)
IF (ASSMUD( IXUB) oNE. —-1) CALL ERROR1{11,&250)
A$SMOD(IX0B)Y = J3/5 ’
G3 TQ 330
310 NUMZ = NUMZ*10+INPUTL1-240



W W e W I T el N W TN W WY T WY T

320

330
340
350

360

———

IF (J% .GE. 4} GO TO 300

ABSVMGDUJ$23) = NUMZ

IF (J%23 .EQ. 2 .AND. 1X0B «NEe. 6) ASVMOD(2)
NUMZI = AsSVMOD(JS%)

I+ (ASMOD(J$)) CALL ERRORL(1ll, &250)
ASMOD(JsS) = .TRUE. ‘

J3$23 = Js
ASFLAG = JTRUE.
IA0B = Js%

ASVMOD(J$23) = NUMZ

IF {SWT(4) JAND. ASLIT) GO TO 370
IF {ASMOD{2)) CALL ERRORD{24,8360)
IF {SWT{4)) CALL ERRORL(12,&250)
12$ = 1

IF (AsLIT) GO TO 270

GO TO 390

- — - — ———— —

C FLOATING POINT LITERALS

C=———

380

390
400

CALL DECMAL
Jd = 1%

RETURN 2 , .

IF {SAT(4)) GO TO 400

IF (I2$ .EQ. 80) INPUTL = ZB

IF (ASLIT .AND. INPUTL .EQ. ZB) GO TQ 270
IF (ASLIT LAND. L .EQ. J+1) GO TQ 240

J = 1Zs

RETURN

ASNUMZ = ASNUMZ/10.*%{L~NPCOL-1)
GO 7O 370

END

100



SUBROUTINE FIX1{XVAL,N)

L= e e -~ B - ——

¢ _ S SV

REAL*8 A$NUMZ,D,0L0G10
INTEGER UCTAL,ASVNUD(3) 4X,Y
INTEGER*2 A$SMOD(3),AS$SIGN :
LOGICAL*1 ASMUDI(3),ASLIT,ASTYPE,ASFLAG |
COMMON /BLOCKL/ASNUMZ,A$VMID,A$SMOD, ASSIGNyASMOD+ASTYPE, ASFLAG,
BASLIT
e - -— e
C CHECK IF NUMBERS ARE ALREADY IN BASE
C FIND VALUE ACCURDING TG A$ SYMBOLS
L= e e e e o e i o e o e —— —— —— ——
ENTRY FIX2
ITOT = 0
IF (ASNUMZ .EQ. 0.0D0) GO TO 10
IF ( .NOT. A$40D{(3)) GO TO 10
IS = 1
IF (ASSMOD(3) .EQ. 1) IS = -1
D = (DLOGLO(ASNUMZI+ASVMOD(3)%*15)/1.204119982655925D0
ITOT = D
©© ASNUMZ = 16.0D0##(D-1T0T) | .
10 . IF (ASSMOUD(1) .EQ. 1) A$SVMOD(1l) = —A$VMOD(1)
ASVMOD{1) = ITOT*4+A$VMOD(1)
RETURN
| ENTRY FIX{XVAL)
X =0
Y=20
IF (ASMGD(1)) Y = A$VMOD(1)
IF (ASSMOD(1) .EQ. 1) Y = -Y
IF (A$MOD(3)) X = A$VMOD(3)
IF (ASSMCD(3) .EQ. 1} X = -X
XVAL = ((ASNUMZ*10¥%X)*2%%Y)
IF (ASTYPE) GO TO 50

C— —_— e e e e e e e e e e

C CHANGE BASE 70 10
C— —_— ——— -
N XVAL
K 0
L 1
DO 30 1 = 1,20 :
IF (N-N/10%10 .GT. 7) CALL ERRORD(25,820)
20 K {N-N/10%10)=L+K :
L L*8
N N/10
[F (N .EQe 0) GO TO 40
30 CONT INUE
40 XVAL = K
50 RETURN
END

itouwon
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SUBROUTINE DECMAL

C FLOATING POINT LITERALS
c

" — o A— — - —

‘ ———— it g . e

REAL*8 X,A$NUMZ

INTEGER MASK/ZDOFFFFFF/9MASK1/Z7FFFFFFF/,INTR(B),MASKZ/ZFFFCOOOO/

GCOMP/I3FFFFFFF/ 4 ASVMCD(3)
INTEGER*2 [ ,A$SMIDI(3),A$SIGN

LOGICAL=] T(B’vTEST,ASMDD(3’9A$TYPE,A$LIT,A$FLAG
EQUIVALENCE (I,T(l))s(T(l)pK)y(T(S)vL);(T(l’9X):(NR,RN)
COMMON /BLDCK4/£NTR/BLDCKl/A$NUMZyASVMDDyA$SMDD,A$SIGN,A$MOD,

EASTYPE,ASFLAG,ASLIT
C--—-.-—.---.—-—_.—_—. o e e e e i et o e o 2t <t e . e e e e e
CALL FIX2 .
X = A$SNUMZ
KL = 0
L1 = 0
IF (X .EQ. 0.0) GO TO 80

C FIND IBM EXPCNENT

c - —
J = (I/016%16)1-64)*%4+A$VMOD (1)

IF (IABS(J) .GT. 1023) CALL ERROR1(6,£90)
K = LAND({MASK,K) -

‘ -—-————”———_.-—.——-——.—-.—-——-——-—.——— —— —— -

C CHANGE FRACTIUN PART TO CDC FORM

{ - — — e b ot -—

Kl = K¥256
J1 = 5
IF (ASSMOD(2) .EQ. 1) A$SVM3ID{2) = —A$VMAD(2)
IF (ASMOD{2)) J1 = A$VMOD(2)+4-43 _
IF (ASMOD(2)) GO TGO 30

10 IF (K1) 30,20,20

20 KL = K12

Jl = Ji+1
GO TO 10

30 IF (J1 .GT. 11) CALL ERRORL(6,£90])
IF (J1 .LE. —-20) 6O TO 100

Kl = K/2%%(11-J1)

RN = AND{MASK2,K1)}
IF {NR .NE. 0) CALL ERRORL(6,£30)
K2 = K=K1#%2%%({11=-d1)
K2 = K2%2%%(19+J1)
TEST = .FALSE.
IF (L) 40,5C,50

40 L = LAND{MASKI1,L)
TEST = ,TRUE.

50 IF (J1 .LE. —-18) GG TQ 60
Ll = L/2#%%(13-J41)
IF (TEST) L1 = L1+2%%(18+J1})

60 Ll = L1+K2

70 IF (L1 .EQ. O .AND. Kl .EQ. O0) CALL ERROR1(6,890)

IF (ASVMOD(2) JLE. O +AND. A$MCD(2)) JL = J1-1

190
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L

'5
+6

VR WN -~ O

L~ e e —_—

C CHECK FUOR NEGATIVE NUMBERS

C _________________ -

80 IF (ASSIGN +EQ. 1) Kl = COMP-K]
IF (ASSIGN .EQ. 1) L1 = COMP-L]
INTR(1) = K1 oo
INTR(2) = L1
ASVMOD(1) = 2

C ____________________________________

C ENTER IN LITERAL TABLE
c— _—

IF (ASLIT) CALL SYMLIT
90 RETURN
100 Kl =20
[F (Jl .LE. -50) GO TO 70
Ll = K/2%*(~J1-19)
GU TO 70
END
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APPENDIX G

Timing of Alqori{hms

The dinterpreter was run using a monitoring program .

called PROGLOOK (available from COSMIC, Barrow  Hall,

University of Georgia, Athens, Georgia). The program gives

timings of the percent of CPU time spent in each section of

thé interpreter. This points out the algorithms that are

using the most time and therefore the ones that need to be

optimized to the fullest extent. The programs used in the
timing of the interpreter were the ones listed in.  APPENDIX
E. The linkajge editor listing for the interpreter is listed

here so that the different modules can be distinguished in

the timing plots. There are examples of both the FORTRAN I/0-

routines and the assembly language I/0O routines for the sanme

set of input. The histograms have been labelled with the

names of the subroutines, that the code timed is located in.
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The PROGPLOT for the FORTRAN I/0 Routines
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MODULLE MAP.

CONTRCL SECTICN CNTRY
NAME CDRIGIN  LENGTH NANE LOCATIUN NAME  LOCATION MAME  LOCATION NAME LCCATION
CPCN 00 ce : . .
CLUSE ok I 60 .. :
BUFIN 174 13¢C ’
BUFCUT 278 108
IFCECCMH 388 Fal _ '
T B isccwve g8 FLICCSH 474 INTSWTICH . 120
FHCCCME2 1300 65D
SEQLASC . 1678
IFCFCVIH - 1960 1190 , .
AUCONA 1960 FCVAOUTP 1AQA FCVLOUTP 1A9A FCVZOUTP 1BEA
FCVIcuTe 1FYR FCvEnuTp 2494 FCVCOUTP 2684 INT6SWCH 2998
CIFCEFATH S 2000 €12 :
: ARITHA 2800 ACJSWYCH 2E6C
IFCEFICS clLs 13748 -
. FICCS#H 3018 FI0CSHEP 301E
THCLOFT 43990 150 .
ThCERKM =, 46FQ 5aC
‘ : o k LRPMCN 4600 IFCLRRE 4618
IFCLATBL 4CAQ 108
THCETRCH 4E33 2HF ) ' '
é : . THCTRCE 4E38 ERRTRA 4C4Q
MAIN 50C4H 116
CHAR . 5160 40
CLIMITS T 8220 T ¢
DATAL 5240 C
CATA2 %250 g
MAINL 5258 c4c )
READ 5E04 - ZAPAR 5060
TRANS] SFAB 8re
’ TRANS 6708
SYMTAB 6TA0 A2C . . . ‘
SYMTRA T6FOC SYMVAL 6FDC SYMS 704C SYMSET “7000
SYMLIT “712¢ . SYMDEF 7170
SCAN2 71h0 137¢
- OPTA8 B84y 894 — . ‘
I ’ $404 " .8pss 7
Etsese 80k 0 cocC . }
: ERROR 987C ERRORY 98EQ . ERRORT 1 993C ERRORD 998¢C
. CRROTY S9F8 . i . S
STCODE SASC 174C :
MACODE B10C TABFIX B154

FIRSY © 0 Blao c72




o ‘ - : oRr 12920 £CR 12934 - MPDLV 1294A MPD VW 12814 |

C COCINT " Cs48 . 51D
corat 12124 13
JHK 12258 ACS ' :

: MPASA 12258 MPASNB 12282 DOSIIFT 122DA MPCNVD 1244C

MPMUL Tor2acce MPALD L2654 MPCOM 1250A MPSUB 1264A

MPDIVA 12686 MPADDA 12776 . MPMULA 1287A AND 1290¢C

STRTM 7 % "'L2ct0’ 268 ,
$TPTM 12086 $ETMR 120CA
TFCLLUG *  12F48 . 200
DLOGLO 12F438 DLOG 12F60
THCFDXPD* 13148 1A0 - o
B _— FOXPO# 13148 : ' |
RCFIXPI® 13268 ° 14F ‘ , - . R e Tt
FIXPi# 13268 ' ;
[HCFRXPI* 13438 141 '
~ _ FRXP1H 13438
IRCLEXP * 13589 2ne . A
' ' _ DEXP " 13580 : ' L S
IFCREXIT* 13808 "~ 1c . : v : . e e e e e ]
A EXIT 13808
PAGE 13824 50C0
PAGEZ . - 1G%E9 ce
ARL . ... 16eHs 120
AWz o 19908 320 . | L R | » i e
s 5 lacEn T 190 - o : - L e e e e s e e e
ARS 1$ER8 190
ARG 14014 80C¢
AR7 14818 64
LITERL 1ARBO 328
...._,.,I’AHAE - 100() e s .. . - o “e . - .. . - N . PN .. . ) . . - X
NBLT ©77 LapAg g e e e e s
BLOCK1 13880 22 ‘ ' ' -
nCLL 12609 e
NBL2 12HEQ 2
PT " LHHFEY 4
CALIGN LBBFO 89 - ?
PRINTXT ™" Lgcgo g T T e e e e
BLZICK2 13CAB 2C :
BLCCKA 1Hces 20
XXXXY 18CD8 4
N3L4 1eCFO 7
NBL3 1ucts 19

PR IVATE T Lupos” QT s s e e . ey .. . T e e e

ENTRY ADDRESS® 5CCY
TOTAL LENGTH 18CC3

ey



PREGRAM TIMCLINE

TCB=01RA40 NAME= LOWSYS SECMENT= ¢
TCB=01BA4C NAME=COC SEeMCIT= )

END CATA AFTLR 11913 RFCOPNHS

11129 RUN SAMPLES GISCARQEL BLCAUSE MEASURED SUBTASK WAS DISPATCHAGLE
EUT NGT ACTUALLY KUMItG NEEN SAMPLED,
IF THIS NSAitEe 1S LAaRGE CoMpAuLD TC TCTAL RUN SAMPLES ACCEPTED, e e e e e
YOUR SUBTASK WAS HCLD ue 3y CTHER JCBS LF HIGHER DISPATCHING PRIORITY, |

ENTITIES ENCCUNTERED = 2

L TCB=  OCOIFPA40 NAE= LOMSYS  HIGHEST SEGMENT= 0 L2AL FNINT= 00000000_
2 TCB=  QOULEA4LO NAAC=CHG HIGHEST SCGHENT= | LUAC PUINT=  COC3IDAFS
3 TCB= CUULRAAD NAMT = HTGHSYS HFIGHF3T SEGHEMT= O {uAp POINT= 00000000

91 PUCKETS TO BF SORTED

ENTITY TOENTIFLRR NUMBEK® NUMBRER  TITAL RUNNING WAITING

NUMBER TCH NAMF SEG WAITING RUNNING PEQCENT PERCENT PLRCENT
13 ClHA4C  LUWSYS J) 5¢ } Ceb0 Q.57 05.43
2 CliAaG CoC 1 21 587 5.10 83.86 25.00
3 ClEA40- HIGHSYS ) £ 109 C.u8 15.57 9,52
; €4 100 - e T

TOTAL PERCENT UF TIML SUBTASK WAS RUNNING 813.2¢




S A 3 ] LN ¥ 1 il

ABS.e REL. eweee- e e o ——— ———————— e e e — NUMBER

PRy,

03D0D40 CCCzag % . . . . 1
03nk40 CCC343  * N . BUFOUT . . 2
030ERO CCC?Y“ * . . . . l
Q3TFCO CCaaLT £ . . - . 2
03ECCY CLCSUY  #x . . . . 3
03EQ40 0CO54B * . . . o 1
O3EC80 CCC588 % . N . : . 1
03E280 CCCits  # . . FDIOCSE o ) . 1
O3E340 0CCE4Y % . . . . 2
O03E330 CCCEQB  *xx o o . . 5
03E400 CcCCsCy  # . . ' . - FORTRAN . 1
O3E%40 COCC4T  wxdodd dombdaobardokd s @b dodo d ok s o oh s aodote de s ol ookok ot o o ok oo N : ° 88
036480 CCCSBY  Axobdtd bkt dosngbhknn dd . . o \ 1/0 . 36
U3EACO CCOGCH 4t bbb sefolode £ oie ot s b it o 0ot Hofoh ootk ol oot ok et o et ok ol skt b ook ok ol o o oo o o - . ROUTINES . 120
03‘“‘54&) UCCLan * (] . L] 3 1
U3F4eT TUTET8T *X¥eds . . . . 9
D3 4CY cc}qcn AR A XA NI Kok . - Apcon# . . 43
03500 Cclree Lki'xx‘;:."x'r\‘lx:)k-::t:;;*i;.tt‘:wki"lt‘-’t#*’k‘#*i‘4‘*#***‘5‘*(“***’;‘*’.“*#ﬁ****ii#\'t##****v#!“{‘aiu#*i‘#v*6#*44»!‘%4‘0v PRB 2101022 2-2°0 -2 2'2 8 2.2 02 2.9 72 FCVAOUTP
040%0d COI0CT % . . o ADJSWICH o . 1
A0y J CC3TAT * . . . . 2
04cMd CGl24d % . . . . 1
040ECQO CC3308 # . . . ° 2
U4UE40 002348 %% . . . . 5
04CEHO CC330:) % . . FIOCSBEP . i
041040 CC.‘IS‘N} » . . . . J . 1
0’01100 ()C}(‘Oq % . . . . 1
U41140 CC3¢43  *domxk . . . . 7
041140 CC3E33 ¥ o ° . . 3
041240 (C374) = . . . . 1
0414C0 (C34CB % . . N . 1
0415CC Q003ECo * . . * . e 1
041A40 CCAF4B  * . . . N . 1
O41ABC CC3ren & . . . . ‘1
04 7ICJd TUHTCTT el . . . e ra
043249 €C%14) % . . . . 1
0432C0 CC5iCy % N . N . 1 N
043300 0C5808 %% . . . . 3
043340 CC5E40 % . . MAINL . . 1
0433C0 CCS5kCE % . . ’ . . 2
043540 CCSP4) 2 . . . . 1
d4368C CC5an8 % o . . . 1
043100 CCs0Ca * . . . . . 1 _
A3 0 TTETOY kol . . . . i
V43CLO CChICH  * . . TRANSL | . 2
043000 CCe2cp  » . . . N 2
QA4000 CCESCa % . . - 1
Uhabad CCEAL4A w . . - 1
044¢L0 (CHPLE * . . SYMTAB . 1
Q449A30 CCAIGT & . P SYNTRA . . r4
045640 CCTE40 % . N . - 1
0(051(»‘0 CC?ECR * . . . . l
D4514C CCTE48 %% . .- . . 3
045130 CC7¢8R %% 3 . . . . 5
g45630 CCIPr38 % . . . . 1
" C45ECD CC83cB & - 7 e . SCAN2 . .
OIQSFL\) CCrMCU ] . . . . 1
V45FCQ 0084C8 % . . . . 1
Da6CEC CCESCH % . 0 . . 1
’? . * . - 1

"TAEIH0 CCEFGH




0412C0 CCATCH  * o . " . 1 ~
048GC0O CCAHCH % . . o . 2

043840 CCALAB % . . STCODE . o 2
048808C CCACER » . . i . N 1

0438C0 CCARCE # . . . . 1

048960 COAECS  #%% . B . . 5

048640 CCAE4Y % . . . . 1 N
048630 CCAEIB =* . . . . 2

0103(:(;0 CCHICH * - . ° 3 1 .
049040 CCBEY » ° . . . 1 .
049100 CCHECS % N . FIRST . . 1

04973C0 CCHBCA % . . . . 1.
OIIFD‘{OO (12£(OU * - L3 OCTAL . - 1 e e e




The PROGPLOT for the Assembly Language I/0 Routines
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MODULE PMAP

CCNTRCL SECTICN ENTRY
NAME ORIGIN LENGTH NAME  LOCATION NAME  LDCATION NAME ~ LOCATION NAME  LCCATION
"MAIN 00 116
CHAR 118 40
LIYITS 158 1C )
DATAL 174 c
CATA2 188 g
~ MAINL 190 c4cC ) :
Co PEAD £3C  2APAR " p9s
TRANS1 CEQ 8F ¢ . ‘
TRANS 1640 ]
SYM1AH 1603 A2C
‘ SYMTRA 1EAG SYMVAL LFl4 - SYMS 1F84 SYMSE1 2008
SyvLlT T 2064 SYMUEF 20A8 p
CSCANZ2 TTTTTTU2168 T 1376 ’ ’ ' ' S '
OPTAB ' 3480 834 ' ‘ !
$J401 acno '
E$$¢SE 3018 C6C o ‘
: £ARIR 4T84 ERRORY 4318 ERRORT 4874 ERRORD 48C4
£reat 4920 - A
TUTTTTSICCOE T 4488 U 174C ) o '
MACNDE 6044 TARFIX 608C
FIRST 6201 D72 .
FIX1 6F59 530
FIX2 720 - FIX 7324
v DECMAL. 7380 s00 ' . . e
COCINT "7 " 1480 57nA o _ k)
CCTAL 0DC60 130 : ' e
JHK D190 AR , , - T ,
‘ MPASA n190 MPASND N1BA DOSHFT na212 MPCHNVD HELT)
MPNUL D404 MPADD - D48C vpeoM D512 MPSUB nsa2
MPDLIVA D5EF MBABIDA D6AE MPMULA D782-  AND N84 4
T 0R DH54 ECR DY6E MPDIV D882 MPDIVH DAAC
CPEN tcls ore
: ' CLLSE _ DEFO WALT DF50 CHECK EOLC BUFDUT " o078
BUF TN "£228 ‘
$TRIM  »  E730 268 ‘
$TPTM F106 $CTMR EBLA ' _ o
TUUTIRCLLOG 4T E9SS T 200 o o ' : ' ‘ ' ' e
o cLCcsio E598 DLOG " E9RO
IRCFOXPD*  EuGH 1AQ
FOXPoH £890
THCFIXPI*  EC38 14r :
FIXP 1S ED38

T LECERXPIA T EESD T 141




e S R R LS OTn Y LYy AR ARV T ] ruUB U INTOSWICH : FEFD ' ) bt L "~.. .
IFCCONE2% FFLB - 050 ‘ . ) ) ‘ L T

SEQRASE 10290 C oo : . Cs
IRCFCVTIH® 10578 119D ‘ o ' : T
: ADCCN Y 10578 FCVANUTP  10€22  FCVLOUTP  106R2 FCVZOUTP  .10802
_ FCVICUTP 10880 FCVLOUTP 11082 Fcvcoute  112cC INTOSWCH  115B3
IFCEFNTHY 11718 £12 . . ' :
o - o . ARITHH 11718 ADJSWTCH 11484 - ~
IFCLEXP #  11C30 2ka
nEXp ~11cC30
THCFEXI T 11£R8 1c :
‘ COEXIT L1EBe
I+CEFICS* 11£D8 137¢ : )
o T FICCSH 11£08 FIOCSBEP  11EDE
LFCEFRP % 13250 snc . _ . e
' ERRMECN 13250 IFCERRE 13268
IHCUOPT # 13819 350 :
ITHCETRCH* 13060 20€ _
IHCTRCE = 13860 CRRTRA 13R68.
IECUATBL®  13DFD) 198 ‘
nCE Lifoa ) ‘ o . _ . o e e e e
_PACER 16C44 €C o : ’ ' ’
AR 1SE1Y 320
AR2 14133 320
AR 3 1A453 170
. AR5 RASTB a0 . C o
A AAT1a T eng . . L | o L SR
AR7 LAFTS 64 : : :
LITERL LAY EU ize
183¢3 1000
NBLT 1cacs 4
BLOCKL  1C310 22 o )
NBL T 1C333 8
NBL2 1C340 2
Pl 1C349 C4
ALIGN 1C359 89
PRINTX 1C4FO 8
) BLUCK2  1C3E8  2¢ o
8LCCKG 1C414d 20 )
XXXXY 1C439 4
NBL4 ©1C440 7
NBL3 1C448 1¢
SPRIVATE 1C468 00
ENTRY ADCRESS 0Q
TGTAL LENGTH 1Ca6n
*HH¥CNC . DOES NCT EXIST BUT HAS BFEN ADNCEC TO DATA SET




" PROGRAM TIMELINE

LA U A PR LN M L 3 S AV AV I T AT A o .S

TCB=01009N NAME= LOUSYS SEGMENT= 0
TCB=010090 NAME=COC SEGMENT= 1

END DATA AFTER 681 RLCORDS

357 RUN SAMPLES DISCARDED BECAUSE MEASURED SUBTASK WAS DISPATCHABLE
BUT NOT ACTUALLY RUNNING WHEN SAMPLEDN, :

e AR THIS NUMBER 1S LARGE COMPARED T TOTAL RUN SA4PLES ACCEPTED,

YOUR SUBTASK WAS HELD UP BY OTHER JOBS OF HIGHER DISPATCHING PRIORITY,

ENTITIES ENCOUNTERLD = 3

oo L TCB= 0 DODTINI0 NAME= LOWSYS HIGHEST SEGMENT= 0 LDAD POINT= 00000000
2 TCB= 00017090 NAAE=CHE HIGHEST SEGMENT= 1 LOAD POINT= 0N079B93

3 TC3=  0COLII90 NAME= {HIGHSYS HIGHEST SEGMENT= 0 LDAD PUINT= 00000000 -

96 BUCKETS T HBE SURTLOD

ENTITY IDENTIEFR NUM3ER  NUMBER = TOTAL  RUNNING WAITING
NUMBER  TCBH NAME - SEG WAITING RUNNING PERCENT PERCENT PERCENT
1 010090 L.I4SYS 0 63 3 9,69 117 94,03
2 ClD099 oG 1 3 120 18,26 46469 4.48
reee 3. 01D09D  HISHSYS 0 1 134 19,82 52,14 1.49
67 257

TOTAL PERCENT OF TINME SUH[ASK WAS RUNNING 79,32




ABBS,. RELe === e e e b e —————— - ———— v NUMBER
NTAL40 O0ISAR  Xdkddbbatt bt b dnne ot dadddbblihk . - ' . . . 2
O7ALB0 QOOSES ek dtifdtfdidokgxkig . . . 1
OTALICO 000628  kdddirdffokfdfnhsk . . . 1
07TA240 0006AB Rk r bt kfsxiafex . . - 1
Q7A280 00OAHER  Addrdmkapt et dwkt s N - 1 ®
OT7A2C0 000728 v#**$*$¢***ﬁk#*t*tf#****##*#*#***##*****#**#****##* ) i o . . 3
07A300 O0DTHB  &otd s kit b i bl Stk ook ok K & . ' . . 2 T
OTA3CO 0NUA2B Ikt Xy itdknx e . ° 1
OTAGH Q0 OUOBAR ek did bl & otk s doddeddhdokd dfeddodk N . . 2
OTA4B0 DUUBER  F¢kukksehdfnesgnk ' MAINL . . 1
LOTALCO QCnna2a t#ii«ﬁﬂ‘ﬁ*#‘m#v!*\&*##*###*#**#*##*##**t**t**&*#** N . 3
QTASDO CCOYHB Skt idbxxsrdkk . . - . B
O07A540 O0UIAS  Samibhvitmikthas e . . | S
O7ASCH NOIA2E  Fxkhkxdy N . o . 1
OTA M) GO DAR 4 ok Rk et 4o 4 . N ZAPAR . . 1
OMABCO DOLO2HE  Fxdschsexd wkghikyk . . . 1
OTACAN UOLIOAB kit hp bt wdidks . . . 1
OTACEBD OOLONB  Fzcek ok ook oo de ok o stk s fok ok ol o st e oo ook SO]oK ok oo bk o o ootk ol s ok ok ok ok ool ok o e ok . 5
NDTACCO NOTLI2H bt idtathifstsre 4 . L . o ) . S T
OTAECO 001328  xdesscdddgdinsg odss -, . ' N TRANSL . - 1
CTAFCO QULIAR kol ks daddotdiges o : o o 1
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APPENDIX H

Flowcharts

The following -flowcharts are  for 'some’ of the

subroutines used in the load-and-go assembler.
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Subroutine SCAN2
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Subroutine STCODE
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