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REV | REVISION

APPROVED BY : REVISIONS
LTR |[ISSUE DATE .

E |1/11/82] ASLwlx |changes for MARK 11.0 Release

A-9 Changed "CODE.FILE" to "CODE_FILE", "PARAM.FILE" to
"PARAM_FILE" and "ERROR.LINE" to "ERROR LINE".
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REV | REVISION | provED BY REVISIONS '
LTR |IssuE paTE
¢ |o/s/78 (‘\k/\b’ MARK .0 RELEASE ,
B-23 Reference to the value of 0 of the Shift/Rotate
Count for Registers XY Left/Right and X/Y
. Left/Right deleted.
D {7/16/80 <;\ AN Changes for MARK 10.0 Release

Deleted Appendix C

Added ''CNS" and '"IORG" to- Alphabetlcal Listing of
Registers and Key Concepts,

Added "MSSW'", '"PERM'", and "PERP" to Alphabetical
Listing of Registers and Key Concepts.

Added "TIME" to Alphabetical Listing of Registers
and Key Concepts.
Updated '""CASSETTE" syntax and semantics.
Updated "CLEAR" syntax and semantics.
Added '"BIAG.LOAD,CACHE" Mil Stétement.
Updated "DISPATCH" syntax and semantics.
Added "ECHO,ADDRESS" Mil Statement.
Added "ECHO.DATA'" Mil Statement,
Added "ECHO.PORT.ADAPTER" Mil Statement.
Updated the condition of "IF" statement.
Updated "JUMP" syntax and semantics.
Added "LOAD.CACHE'" Mil Statement.

. Added "CASSETTE STOP" to LOAD.SMEM semantics.

Added "MOVE.NANO" Mil SEatement.
Updated "READ" syntax and semantics.

Added "READ.PORT.LATCH" Mil Statement.
Updated "WRITE" syntax and semantics.

'Added "WRITE.DIRECT" Mil Statement.

Changed "Appendix:D" to "Appendix ",
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INTRCCUCTION

The Burroughs Micro Implementation Language (MIL) is a symbolic
coding technigue that makes avaitable all the capabilities of the
5180C¢/3170C Processor. The MIL coapiler®s wmachine Llanguage
output s Teady for execution directly upon the hardware. The
users however, must be prepared to programmatically control the
total environaent including bootstrap loadings interrupt servic=-
ing» and potential machine malfunctioning {e.ge>» parity error
detectionl.

To use MIL properly and efficientiys the programmer wmust have an
extensive knowledge of the available registers and their capabitl-
itiese. This product specification describes the registerss, the
syntax and the semantics of the MIL language and may be wused to
write prograss without prior knowledge of the systes.

RELAJED DOCUMENTS

A description cf the Input/Output subsystem and the I/0 descrip=
tors as well as more detailed information about the registers can
be found in the B1800/31700 Systems Reference Manual (form
1¢57155).
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KICROPROGRAMMING CONCEFTS

-———

Microprogramming is a8 method for programming a8 computer harduare
architecture. The wmicroprogrammer 1is concernec¢ with machine
registers which were formeriy the domain of the hardware systenms
designer. Strings of microinstructions manipulate those internal
registers to present an outward appearance of system hardware
which is more functional for problem=-oriented programminge In
most machines in the market place,» read only gemcries (ROM's)
contain microprograms which convert the unique internal environ-
ment of several different processors 1intoc a standard assembly
tanguage. Once createds the microprograss are unalterable and

may contain comprosises in efficiency because of a limited hard-
ware instruction set.

The Burroughs B1B0GC/B1700 implement a writable control memory and
has several microprograss, each cptimized for the functions it
will performe The virtual system architectures chcsen have been
those of the standard problem=oriented, compiler languages, such
as C(0BOL and FORTRAN. Other microprogramsers ®ay choose archi-
tectures and create languages goptimized for cother purposes.

BICROINSTRUCTIONS

A microinstruction is the samallest programmable cperation within
the system. Each microinstruction is fetched from control mermory
and deccded in the (micro) register to be directly executed by
the harduare.
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QEFINED EICLD CONCEPTS

Special hardware, called a Field Isolation Unit, has been igzple=-
mented to achieve bit addressability and variabie {ength fields
and to automatically increment addressese. This allows maximun
flexibility in defining data fields and resclves the problem of
packing and unpacking data fields across hardware container
boundariese

INIERPRETATION OF IHE VIRTUAL LANGUAGE

The traditional approach to supporting a higher=level language is
to translate the source statements as wWwritten by the programmer
into ancther {angusage either directly recognized by the hardwares
(ReGer machine object <code) or easily translatable intoc the
machine object code {e.g.» an assembly language). An alternate
technique is the interpretive execution fcr each source statement
} with a logically equivalent routine in some iower-level language.
g A microprogrammed system offers the opportunity to comsbine the
j best of both methodse. The source statements in the higher=level
*1 ‘:} language are translated into a virtual system code by a compila=-
tion process. This system codes also called S-code or S=tlan-
% guages very closely resembles the original source language.
: Microinstruction routines then interpretively execute each
virtual language statesent. The results ares

- a faster compilation

- 3 systea architecture, as expressed in the set of micro=-
routines which is optimized to the source language

- a reduction in the memory space required to encode each
source Language operation

A set of amicroprogranmsmed routines is callied an interpreter and
effectively creates a wirtual systea architecture for the source
lLanguage being executede. That is» when the COBOL interpreter is
executings, the system is effectively a COBCL machine. When the
FORTRAN interpreter is executing» the system is a FORTRAN
machines and so on for any other S5-language defined.
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descrikting MIL syntax

81800781700 MIL
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through the

syntax diagrams commonily known as “"RAILROAD™ notaticn. The basic
conventions are discussed below.

EQRWIRD ARRONS

Any path traced along the directional flow of the

arrows will

produce a syntactically vatid command. The following examptle
illustrates the technique:

1¢<== -=1
1 i
===DQ0WN==BY THE====(0LDwe==v-=ecee=STREAM =~ === cce e cccccncnna=>]
i i i 1 i 14
1=-=UP=>] 1 1=-MILL=->1 ! 1==WHERE Iw=w========>]
1 . 1 1 11
1==RIVERSIDE=========- -=>1 1=-FIRST=->1 i
i 11
1=LAST==>1 1|
1
1
R D DL DD D LR LE DS L LR Dt
i
lececeSAf=mmemcscccnaf oo o en e s cencnnme e =) |
1 1 1 1 1
i==FOUND===>1 1 1-=(NOT ME BUT YQU)=-=>]
1

Valid syntax generated from this diagram could be:

1
i
i
i
i
1
I
i
1
1

1==TADPOLES======mc==ccmemcococccacanna>|

DOKN BY THE OLD MILL STREANM

UP BY THE OLC» OLD STREAM

DOWN BY THE RIVERSIDE WHERE I FOUND TACPOLES
DOWN 8Y THE OLD STREAM WHERE I FIRST SAW YOU (NOT ME BUT YQJU)
UP BY THE RIVERSIDE WHERE I LAST FOUND YGQU

- The bridge over UOLOD»

any number of timesa

unless otherwise specifieds,

can be crossed
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END=QF=STATENMENT

The cospletion of a statement 1is 1indicatec by the follcwing
conventions . ,

- AR A AR W ™ W™ w ) l

CONTINUATION

The fotlowing convention indicates that any nuamber from 0 THROUGH
$ is syntactically valigs:

s=me=Qe===ca=-a>]

' LR IR J ’
P===9===>1

KEYHORDS

Upper=case letters indicate keywords which must literally appear
in MIL statementse.

YARIABLES

Lower=case {letterss words and phrases indicate syntactic
variables which regquire information to be supplied by the

programmer. The following example illustrates the techniques

cweweemcesew-aninals WERE===IN-=e==v=-==THE body.of.water== 2 =>}

1 1 1 i
1==THE=~==>1 1=NEAR=====>]
i i ' ] i
I ==SO0ME==>1{ 1=-CLOSE T0=->1

Yalid syntax generated from this diagram might be:

THE TADPOLES WERE IN THE STREAM 7
COWS WERE CLGSE TO THE POND 2
SOME BIRDS WERE NEAR THE OCEAN 2
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>

EASIC COMECNENTS CF HMIL

To understand MIL grammar the user should be familiar with the
following basic elements of the MIL language.

point: cwame) - -----)l

Underscores e=e===  ecc=ea>]

-
f

digit: ceessn(leecccana)]

’ - % ‘
1===9==>1

1etter: ‘-‘---A'¢---'->!
1 »w e ]
{-==Z-=>1
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special .charscters:

- e w w .

1

!

‘ - we

l‘--

I

1

1---

,---

i

‘--u

’---

1

1

‘--—

“--
1
i--«-

L

l -

1

"--

"---

l'-‘

i—-u

4=2
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P. S. 2212 5298 (&)

- .---v----—-----—--o)l

i
~=>1 arpersanc
1
--)‘
1
e=>]
1
=i
i
--)'
i
--)]
i
-=>}
1
==>{
1
=3}
i
-=>}
i
wa>}
i
-}
1
==}
1
-3}
1
-=>}
i
-a>]
i
=}
H
--)'
1
=31
!
--)l
1
-=>1 blank (one non-visible character)

s AP e i s iV i Lkt S e 5 N T el it B | S
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IDENIIEIERS

' (‘--o-‘----—-nQ-—--—‘------—---------‘--’

i 1

! l<.--------‘l l<--‘-----‘------i x

1 i i | i i

1 i
f===digit==>1
| 1

l=== _ ====>1

! §

Jeee  ====>]
RESTRICTICONS:
£ An identifier must begin with a letter.
be An identifier may not contain blankss
Ca Reserved words may not be used as identifiers.  {(See

Appendix C: Reserved Words and Sysbels.)

‘:} de An identifier is {imited to a maxirus of 63 characters;
only the first 25 <characters are used in uniqueness
detectione.

EXAMPLES: TEST .NAME.1 T.123.8 ABC LOOP_12
LABELS
D e
1 i
1 j(meeccnccccnnacan] j(ummeerccnaan] 1
1 1 i 1 i 1
tabels =<—==c=ce-==-letter==- " - essessccsccccsceccnceccsmsesee==>]
I 1 1 ]
J===digit==>1 === _ ==>}
h 1 1
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unique.label:s ==ecaclghel=====>]
pocint.iabel.declaration: ====== _{abel======>{

point.label.reference# wewmcee § wecscsea{ghglec==-=>]
’ 1 1

"-‘- - --)‘

Labelere ferences '-'---unique.tabe{--‘ ----------- ———a=>]
1 i
f===point.label.reference==>14

label.declaration: ===-=-=ynique.label===sccceccccnccaccaa>}
} I

J===point.label.declaration==>1

Labels may be declared ty: {1) starting the label anywhere in
colurns 1 through S of 2 source images or (2) starting the label

immediately after the reserved words TAEBLE, SEGMENT» or

CODELSEGMENT. (See alsc Segmentation: Label Addresses.)
RESTRICTICNS:

e A label must begin with a tetter or a digite.

b. A label may not contain tlankse.

Ce A label is limited to a maximum of 63 characters: only
the first 23 characters are used in uniqueness detection.

de Unique labels. must be ceclared only cnce.
e Point labels may or may not be unique.

EXAMPLES: .A.PCOINT.LABEL REGULARJ.LABEL LCOP BEGINNING.OF.TEST.1
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X USE COF DUFLICATE POINT LABELS

- .LCGP

% COCE

IF X=Y THEN GOTO
ELSE GCTQ =-LOOP

-=> .LCOP
2 C0DE

GO TC =-LOOP

§ S s s Gwn e ae

+LOCP ===
1
!
i

m-—
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CARD TERMINAJORS

card-.terminator: mmmmas ¥ weme=>]

RESTRICTICN: A percent sign (2) is treated as any other string
‘ character if it is contained Wwithin a
charscter.string. However, in all other casess a

percent sign will cause the scanning of the current
-sgurce image to terminate.

NUMBERS

l(“-‘-‘------’
. i : ]
numbers <====scceadjgit=-=====>]

E11 SIRINGS

"---’a'-—‘n--;

i 1
! 1

Qua"tat.string: ‘------Q—----‘vn----)l
1 wee 1

A it o 8 ST i oS B R U e it S Wl DL s sl i e ot i Sl i
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l(-‘---------"-,
1 !
octal.string: c--s—o-‘--O--------G--)l

I oeee 1
1-==7-->1

l(----------—----,

1 1

hexeString:s ===-=ssscafes==ece=c=a>}
‘ .oo»‘
1-==5=-=>1
i i
1-=<A==>1
P
1-==F=-=>1

bitegroups =======hexa.string==<=e<cc-=c=e==>]

! !
1===0(4) hexe.string==--=->1
! 1
J===(3) Octal,string---->l
! 1
I===C2) quartal.string==>1 .
! 1

l==={1) binary.string===>1|

bitestring: ==-=3bitegroupad===>1

NOTE: If no bit sode is specified (i.e.» the indicator digit in
parentheses is ogitted)» then "hex™ §is assurede
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CHARACTIER STRINGS

string.character: <===<-e-=djgjt=-======- m—mmeemee=>]

1 1
J====letter==mece=cacaaa>]
! 1
l====special.character=-=>1

string.character.list: =====--stringecharacter=======>}

character.string: <==="string.character.list®===>]

strings

s=====-character.strinpg=======>1
1 1

EXAMPLES: 3QD123456789ABCDEF3

NOTEs

a{2)1231233

"++THIS IS5 AN EXAMPLE OF A CHARACTER STRING"
“##¢ ROW THE BOAT GENTLY ... "

dAB(1)10013

The quotation a@ark (™) cannot be specified as a string
character. As an alternativesr a hexe.string may be spec-
ified instead of a character.string; €eges» a7F3 repre-
sents the quote character. In this cases it is useful to

define QUOTE=37F3 for the sake of clarity and fiexi-
bilitye.
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LITERALS
titeral: e==s=canpupberem==cccccccccccae==>]
! 1
l===string==========e===->]
1 i
je==declare.special======>}
1 ]

{===declared.identifier=-—->1

declare.specials =~=<DATA.LENGTH (jtem)====c=cceccmcccccccccccccaaa}

i i
}=~LENGTH. BETWEENLENTRIES (array.identifier)==>1

1 1
lo-----¢--string-------c--)’

declared<.identifier: <===-===gjpple.identifier=—======>]
1 , |
j===array.identifier=--=>1

array.identifier:s =--sjmple.identifier====>j-==-array.index===>1
arraye.index: ===(number)===>1

DATAL.LENGTH (item) will supply the specifiec or computed 4dength
in bits of the indicated item. For an arraye.identifier» the
length will be the length of one of the itess in the array, not
the 1length of the entire array. DATA.LENGTH (string) is useful
for obtaining the length of a variable length string used as an
actual parameter of a macro (see MACRO in MIL STATEMENTS).
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LENGTH.3ETWEENLENTRIES (array.identifier) will supply the bit
di fference between the beginning of one . item 1in the specified
array and the next item in the array. Note that in the case of
structured arrays {see 3tructured Declarations) this wWitl neot
always be the same as DATA.LENGTH (array.identifier).

EXAMPLESs 13587

"STRING™
ARRAYELENENT (7)

DATALLENGTH (™ABC™) will yield a value c¢f 24 bits.

DATALLENGTH (ANJITEN)», where ANLITEM is declared as 8IT(48),
will yield a value of 48.

LENGTH.BETWEENLENTRIES (AN.ARRAY)» where AN.ARRAY contains
elements of Llength CHARACTER(12) will yield a value of"
12%x8 = 96 bits.

ARITHMETIC EXPRESSIONS

arithmetic.expressions

1 : i
1 1 1 ! 1 !
=== ( ===>1 l--adding.operator=->I 1== ) ==>}

<= ====gultiplying.operator====|
i ]

i i

‘--— - --)‘
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rultiplyinge.operators: ======= 4 =eec=ca)|
i 1

Arithmetic expressions yield numerical values by combining
literals in accordance wxith specified operationse. The operators
+, -“» *, and / have the conventional mathematical meanings of
additions subtractions wmultiplications and divisions re spec-
tively.

The sequence in which operations are performecd is determined by
the precedence of the operators involved. The order of prece=-
dence is3 '

First: * /

Secongs + -

Khen operators have the same order of precedences the sequence of
operation is deterained by the crder of their appearances from
left to right. Parentheses can be used in normal mathematical
fashion to override the usual crder of precedence.

Parenthesized expressions are treated as teras; f.2e» they are
evaluated by theasselves and the resulting value is subsequently
combined with the other elements of the arithretic.expressiona

Thus the normal precedence of operators may be overridden by
careful placement of parenthesese.

EXAMPLES:

443 ¢ 245 = 12 + 10 = 22

{423) ¢ (225) 12 ¢+ 10 = 22

4 » (322) = 5

425435 = 100
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SIRUCTURE CF A MIL PROGRAYM

There are two parts or sections toc a MIL progran: the declara-
tions and the body. The declarations should contairn:

e A comment description of the functicon of the MIL program.

be Any global data structures (DECLARES). Note that “glo-
bal™ refers to use throughout the progranms tocal refers

to use restricted to a part of the progras.
Ce Any global DEFINEs.

de Any MACRG definitionse.

The body foilows the declarations and will contain all code=-pro-
ducing statements. The statements should be logically grouped in
{abeled BEGIN...END blockse Each BEGIN..<.END block may contain
its own local data structuress, LOCAL.DEFINEs or labels. The tlast
statement of the body should be FINI.

The following is a basic outline of a MIL progras using the above
general rules. For specific details on assesbly coding forms and

program exaanples refer tod Programming Techniguese

f--=>
. ] X descriptive comment
Declarations 1 DECLARESs
1 DEFINESs
1 MACROs
Jome>
f===>
]
I LABEL.A
i BEGIN A
1 B {code for A)
1 END A
Body i LABEL.B
1 BEGIN B
i {code for B)
1 END B
] FINI
{me==>
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SEGMENTATICN

Segmentation in MIL is a2 multi-faceted and somewhat ccomplicated
subject. Because MIL is the language of the B1800/B1700's», and

because it 1is wused for many different purpcses (Diagnosticss
Emulatorss Interpreters, I/0 Drivers, MCP Kernels, etc.)» it nmust

attespt to satisfy the needs of a wide range of users. Segmen=-

tation plays a particularly important role ocn the B1800/81700's
because of the READ/WRITE access capability of the hierarchical

memory structure (M-Memorys S—Memorys Disk).

LABEL ADDRES3IES

Jo begin the discussion on seqgaentation, we must first identify

the 1label types pertaining toe address assigrment. They are
regular.labels and physical.labelse. (These should not be
confused Wwith the two types of label representation:
unique<.label and point.labela See EBasic Components Of MIL:

Labels.) The types are btased on how the labels 2re declared which

in turn determines how the address of the label 1s to be
assigned.

A label which is declared by starting it in columns 1-5 of a
source image is always a regular.label. A reqular.label is
aluays given the current segtent.code.address when the {abel is
declared.

A label which is declared by starting it immsediately after the
reserved words TABLEs, SEGMENT, or CODE.SEGMENT is aiways a phys—
ical label. A physical.label is always given the current physi-
cal.code.address when the 1abel is declared.

The segmente.code.address is updated by 16 as each amicroinstruc-
tion is generated and can be changed to a new value by the

appearance of a SEGMENT or CODE.SEGMENT statement.

The physical.code.address is also uhdated by 16 as each microin=-
struction is generated and can be changed to a new value by the
appearance of an ADJUST LOCATICN statesent. {See MIL Statements:
ADJUST)

Both the'physitai.code.address and the segsent.code.address are
initialized to 0 (zero) when a compilation beginse

PTGy



6=2

BURROQUGHS CCORPORATICN COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP 81800/81700 MIL
SANTA SARBARA PLANT P. S. 2212 5298 (E)

SEGMENT STATEMENT

SYNTAXz

SEGMENT=====NEKSEGMENT ====m=cccccccuemccocccaccacccacmcamac e e aa> |
1 1o 1
I=-label====<<>]  |==AT====<ADDRESS (label) =====>]

i I
l--literal-==-==--==>]

Nota3: The literatl must be MCD 16.
SEMANTICS:

Through the use of the SEGMENT statements the user has the means
to divide the MIL program into several parts such as a single
primary.codes.blaock and one or more segment.block(s). The prim=
arye.code<.block should provide one or m@more areas suitable for
containing the individual segment.block(s). These areas are
designated by declaring one or more regular.labell{s) somewhere
within the primary.code.blocke. Quite cften there will be anly
one designated area for segment.block(s)» and it will Dbegin at
the end of the primarye.code.block.

The purpose of the SEGMENT statement is to inform the compidler
exactly where the segment.block wWwili Dbe <{relative to the
primary.code.block) when its ccde is executed. In this way the
compiler c¢an generate the correct branch/call displacements
whenever a statement 1in the primary.code.block branches to or
calls a routine in one of the segmenteblock(s). In the same ways
a8 statement in one of the segment.block{s) may branch to or call
a8 routine in either the primarye.codeesblock or in any of the
sequent.block(s). {(See MIL Statements: EMIT.RETURN.TO.EXTERNALS,
CALLLEXTERNAL> BRANCH.EXTERNAL.) :

M1l code is assumed to be in the primarye.ccde.block until the
first SEGMENT statement is encountered. Frog this point on, all

code is assumed to be in that segment until the next SEGMENT
statement is encountereds, and so on.

The SEGMENT statement may also be used to specify logicai breaks
within a continuous stream of code. In this cases only the naae
or the segment needs to be specified since the code addresses are
to continue dinearly. The entire progras and all of the
segment.block{s) are given entries in the segment dicticnaries as
part of the parameter blocks associated with a MIL code file.
Frecm these dicticnary entriess and frcme the name=~to=-nunmber
correspondence table, the addresses and lengths for each segment
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are available and can be used to do sophisticated static binding
prior to execution of the code. (See MIL staterents: MAKE.SEG=-
MENTL.TABLELENTRY).

CODELSEGMENT STATEMENT
SYNIAX:

CODELSEGMENT====={3belee===>{

SEMANTICS:

Another form of Segmentation in MIL is used when a microprogranm
is running with the MCP» or under NMCP controle. With this mecha=-

nis®, 43 microprogrammer is able to specify which pertions c¢f the
program are to reside on disk untii they are actually needed for
execution. This provides the progragmer with the same facility
norpally only found in higher level languages.

In order to use this facilitys, the programser must follow certain
rules and remember some restrictions. Ffirst», scree definitionss

main-code<.block - ALt code  generated until the first
CCDELSEGMENT statement is encountered:
this wmay encompass the primarye.code.block
and one or aore segment.block(s).

external .code.block All code generated between a given
CODE.SEGNMENT statement and the next
CCOE.SEGKENT statements, or the end of the
progranms whichever coses firsta

main.code.base The M=Memory bit address of the first micro
instruction in the mainecodesbiocka If no
part of the main.ccde.block resides in
M-Memory» then the sain.code.base should he
0o

If the processor is an S-Memcry processor,
then the maine.code.base should be the
menmory address of the first microinstruc-
tion in the progranm. (See MIL Statements:
MAIN.CODELBASEL.)

Skl e i
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abr.topn A 24-bit bucket <containing the MBR value
for the ®3aine.code.blocke. In addition,

since the M3R wvalue is always a M3D 15

number, the Llow orcder 4 btits w@mbr.toonm
shouid be the TOPM va lue of the

mainecode.blocke.

The microprogrammer msust provide the faoilowing idtems in a
programs

1le A define for MAINLCOCEL.BASE to indicate the Scratchpad
register containing main.codesbase.

EXAMPLE 2
DEFINE MAIN.CODE.BASE = S14B4#

2e A define for MBR.TOPM to indicate the Scratchpad register
containing mbdre.topme

EXAMPLES

DEFINE MER.TOPM = S15A%

The above defines must Dbe included in the main.code.block and
must not be defined within some LOCAL.DEFINE scopee In additions

the two Scratchpad Llocations must be initialized by the inter-
preter when it is given control froms GISMO. '

le A routine labeled GOLTU.EXTERNAL.SEGMENT tc interrogate
the interpreter dictionary and generate a communicate (if
necessary) to guarantee that the recuested external.code
segment is present in S~Memory. In acoditions it wmust
perform the initial transfer to the external.code.seg-
ment. Example:
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GO.TOLEXTERNAL .SEGMENT

2 T CONTAINS SEGMENT NUMBER
2 L CONTAINS BIT DISPLACEMENT WITHIN SEGMENT

SHIFT T LEFT B8Y 6 3ITS T¢ X 2T » 64
SHIFT T LEFT 8Y &4 3ITS TCO ¥ T « 16
MOVE SUM TC FA X T = 30

ADD ADDR.INTEZRP.SEG.CICT TO FA
READ 2 BITS TQ X
IF LSUX THEN Z THE SEGMENT IS PRESENT
BEGIN PRESENT
COUNT FA UP BY 32

READ 24 3ITS TO X 2 SEGMENT BASE ADDRESS
IF SUBSET THEN INCLUCE x FOR S~MEMCRY PROCESSORS
BEGIN ’
MOYE L TO ¥
MCYE SUM TO A
END ELSE
BEGIN

MOVE O TO TAS % NECESSARY FOR
X M=MEMORY SYSTEN
MOVE L TO T % NEW A AND TOPM VALUE
MOVE X TO L % NEW MBR VALUE
TRANSFER.CONTRCL
END
END PRESENT
MOVE T TO L
MOVE 58 TG T : Z COMMUNICATE NOLFOR

‘ Z NCN PRESENT SEGMENT
SHIFT T LEFT 8Y 16 BITS
SET L(C) . Z ONE LEVEL SEG DICT.
GO TO GIVE.UP.CONTRODL. % SAVE STATE AND XFER TO
Z MCP VIA GISMD

POINTS TO NCTE:

de

be

Ce

The initial =T" and "L™ values are supplied by the
compiler prior to entering the above routine.

The contents of other registers may be overwrittens
depending on how the routine is written.

The routine sust push 3 0 (zerc) ontc the A stack for the
M=Memory Processor. This is necessary so that an exit
within an external.cocde.block c¢an be trapped into a
routineg that will transfer controd back to the
main.code.blocka. This alsc implies that parameters may
not be passed via the A stack when initially transferring
to an externale.code-.bliocks.

The compiler uiil:prcvide all other routines necessary to effect
the transfer to and froa externat.code.block(s).

firine R Y AR i .
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The only kind of transfers allcwed are calts and branches from
the sain.code.llock to an external.code.blocks and from an exter=-
nal.ccde.tlaock to the megin.code.block. Transfers Detween exter-
nate.code.block{s) zre naot allowed. In addition, such calls and
branches must be syntactically separated frem calls and Dranches
within the the ssme code blockas Instead of CALL, the command
CALLLEXTERNAL must be used. Instead c¢f GO, the command
BRANCH.EXTERNAL must be usede {See MIL Statements:
EMITLRETURNSTOLEXTERNAL, CALLLEXTERNAL and GRANCH.EXTERNALLL)

Folltowing is the code the compiler generates when CODELSEGMENTs
are used. (All labels used in the examples are shown for clarity

only:s the compiler has its own internal representatiocn for the
{abets.)

MAIN COOE BLEGCK

e For each different latel occurring after a CALL.EXTERNAL
or BRANCH.EXTERNAL statement in the main.code.biocks the

compiler will divert the catl or branch to the follcowing

code which is generated at the end cfs, and part of» the
main.code-blocks:

MOVE ADCFRESS {label) TO L

MOVE labele.segmente.number 7O T
G0 0 GUTOLEXTERNAL.SEGMENT

ba If the prOQrém executes an an M~Memcry Processor (81726),
the following code will be emitted in the
main.code.blocks

EXITTOLEXTERNAL
MOVE TAS TO L
MOVE TAS 7O T
MOVE LF 10 TF
MOVE O TC LF
TRANSFERLCONTROL
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EXTERNAL CODE BLICK

3e

b.

Ce

If the program executes on an M=Memcry Prccessor (81725),
the following ccde wilt be emitted at the ©Oeginning of
every external.code.block?

MOVE TAS 70 T
LEAVE EXTERNAL .SEGMENT

MOVE MEBR.TOPM TO L

MOVE LF TO T

SET LF 1C O

TRANSFER.CONTROL

For each different label occurring after a CALL.EXTERNAL

or BRANCH.EXTERNAL statement in the external.code<.blocks
the compiler will divert the <call or ©Dbranch tc the

following code which is generated at the end of, and part
ofs> the external.codesblocks

the program executes on an S=Megory Processor

1. If
(81712-81714) the following ccde is generated:

MOVE ADDRESS {(label) TC X
GU TC SUBSET.BRANCH.TO.MAIN

2e If the program executes on an M=-Memcry Processor
: (B1726) the following <code is generated for each
different label in a SRANCH.EXTERNAL statement:

MOVE ADDRESS (label) TO X
GO TU BRANCH.TO.MAIN

3. If the program executes an an M-Memory Processcor
(31726) the foilowing code is generated for each
different label in a CALL.EXTERNAL statements

MOVE ADDRESS (label) TO X
GO TO CALL.TOLMAIN

At the end of every external.code.block the follawxing
code is epitted.

ie For S=Memory Processors (B1712-81714):

SUBSET.BRANCH.TO.NAIN
MOVE MAIN.CODE.BASE TO Y
MOVE SUM TO &
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2e For M=-Memory Processors (B1726):

SRANCH T LHMAIN
MCVE TAS TO NULL
MCVE MAINJ.CCCE.BASE 70 Y
MCVE SUM T2 T .
GO TTO LEAVE.EXTERNALLSECGNENT
CALL.TC.MAIN
MCVE MAINJ.CCCEL.BASE TO Y
MOVE SUM TO T
MOVE #BR TO L
MCVE TOPM TC LF
MCVE L 7O TaAS
MCVE ADDRESS (EXIT.TOL.EXTERNAL) T8 X
MOVE SUM T TAS
GO TC LEAVELEXTERNALLSEGNMENT

NOTES:

3. When branching from the main.code.block to an
external.code.dlock 7 and L registers are useds» ptus
whatever registers the GOLTO.EXTERNAL.SEGMENT routine
uses. § ‘

| be. ¥hen <calling or branching teo a routine in the
main.code.blocks the X and Y registers are used:? This

| means that they cannot also be used fer passing paranme-
ters. In additions CP should be egual to 24, otherwise
the transfer may not take place correctliy.

Alsos on an M-Memory Processors the T and L registerss as well as
the A stack are used. So a good rule of thumb is to avoid X» Y»
I L, and TAS when passing paraseters to/fror the main.code.block
and external.code.block(s).

Ce The code for S=Memory Processors is different than the
code for M-Memory Processorss. Thus CODELSEGMENTS cannot
be wused if the prograa may be used interchangeably on

either the 81710 or the B1720 series processor. {See
Appendix A: $ NO EXTERNAL).
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DATA JYPES

Three main types of data fields may be declared in MIL:

1) BIT
2) CHARACTER
3) FIXED

A bit field consists of a number c¢f bits specified bty a number in
parentheses following the reserved worc 3I7,

A character field consists of a number of &8 bit characterss sgec-
ified Dy a number in parenthesis follewing the reserved word
CHARACTER.

A fixed data field is the same 23s a BIT(24) field but is allowed
in order to keep declare syntax consistent with SDL.

DECLARE STATEMENT
SYNTAX:

t (e emm——- gy - -----,
1 ' 1
DECLARE<===-declare.element====== ; =====>]

SEPANTICS:

The DECLARE statement specifies the addresses and characteristics
of contents of aemory storage arease.

- The saximum number of data elements (including fillerss dusmys,

and implicit fillers) contained in one structure is S50. Any

attespt to declare more will cause a table gverflow errcr to be
detected at compile time. ,

An array' may ?ﬁaéé‘ af‘aéiimul of 65535 eleiénts, each being a

- maxisum of 65535 bits (8191 characters).
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The two types of declare.zlements are esach ciscussed below.

]

NON=

ken

JSLSTURED CECLARATION

1%

declare.element:

--=identifjer=====-==- e e T =3IT (#)=====-mweue

| }

I==array.id {#)====scsceccccacan>]
1 i

1
] j¢eeenan , cswcacasa]

i i 1

i= ( ====jdentifier===c==== ) ==>
i 1 1

i I==arrave.id{g)==>1 | 1
!
i

----identifier-----z-o--c-—)l
i i
f=-array.id (3)-->1

1
~FIXED======= -=>

1
1
i
1
H
!

‘(u---------‘------‘-.-----n-

1
1 <RENAPS ~=BASE,ZERQ=wwewmconcanee)
i i
1=ABSOLUTE literal======>]
| S 1
§=ADDRESSCunique.labetl }=>1
[

H
i
1
i
i
i
!
H
i
i
{
i
i
1 Note: (#) = (expression)

{
i i
I-array.ide====~==cs====>{

Data may be declared as simples having one occurrence’ or as
subscripted, having as many occurrences as specified by the array

bound (number). In the latter cases array subscripts are consid-

ered to range from zero to the array bound=1l.

BIT» CHARACTER or FIXED specifies the type of data in the field
and the field size.

REVERSE specifies that an item or a structure is to be accessed
in 3@ rewverse manner of in 3@ reverse direction from some base.

~ The easiest way to remesber what is happening is tc realize that

the conpiler wiil simply compute the address of a declared iden-

tifier normally, and thens if reverse is specifieds add the iden-
tifier®s 1length to the address to get the ending address of the
identifier. R e ‘ : e o

_I==REVERSE=>1 1-CHARACTER(#)-->1

I=FIXED=m=mmmm==>]

|
i

“BIT (#)====csvmccmcmcamccanaaa>

-CHARACTER(#)==>1 1 -REVERSE=>]
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As the syntax indicatess, different data fields having the sane
format may te aeclered collectively insige garenthesis ( ).

The following exampie itlustrates the various options available
in this type of declaration statement.

DECLARE £ FIXED>
C CHARACTER (10)»
D BIT (40), :
C(E» F» G (5)) BIT (2%5)»

H (20) FIXEC,
I (5) CHARACTER (6);
where
B is a 24 bit numeric field
C is 2 1€ byte character field.
L is a 4C bit field.
€ and F are 10-bit fields each.
€ is alsc a 10-bit field and occurs 5 tires.
H occurs 20 times each elewment being a 24-bit numeric field.
I is a B-bite character field occurring 5 tinres.
Data fields may be re-formatted by the use cf the REMAPS option.
Remapping 1is subject to the same general rules discussed abaove.
The following example best iilustrated its uses
B FIXED, C BIT (50)» |

BB REMAPS B CHARACTER (3)»
CCL{2) REMAPS C FIXECS

Note that CC specifies 48<bits (or 2 elements, 24=bits eachl)»
which is 2-bits less than C's data length of 50-bits. These last
two bits will be treated as an isplied filler by the cosmpiler. A
field may not be remapped ftarger than its original size.

A Ll AR L s A SR S WA ol il it im0t S Al i b i il Al i
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There is no limit on the number of times a fielc may be remagpede
A field which has remapced another aay itself be rerappede. The
rewgar optian specifies that tha identifier con the teft side of
the reserved word REMAFS will have the same starting address as
the identifier on the right side.

A& data field may be remapped to BASE.ZERC which will give the
field a relative address of zero. For examgles
DECLARE & REMAPS BASELZERO BIT(7)5

This device is used as a free-standing declaration since it does
not remap a previously declared dat2 item.
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geclarz.elements

tevel===identifier===-= “eme- e i ———e——eea- e L e L P -
i N . 1
1=--array.id (#)==== ======cce===>] | |=REVERSE=>1 1=BIT(#)=======>1
! 1 1 g
1 l¢m====c , =cmc-cmaanj 1 1 -CHARACTER(#)=>1
1 1 i 11 1 1
1= ( ====identifier====== =) ==>1 1 =FIXED========>{
i i | 1 1=5IT (#)===cm=secmcacccocaccas]
1 I==array.idCg)==>1 Pl 1 !
1 | 1-CHARACTER(#)=>1 |=REVERSE=>]
1=FILLER=====c=ececmcmacccaccaac>] | 1
i 1=-FIXED=====—== >1

Je===ejdentifigreseccncascanay
1 i {

I ==arraya.id (f)====>} i

i i i

| ==DUM¢Yrmmecannaaa>] 1

i 1 H
i |

1

1

i

i

==08)=-=>1

! A R R DS R R R YA W AN AR AR

Notes (#) = (expression)

G W s Gty GRS BN N W Ghe e e S

| -REMAPS==BASE. ZERG-mmmmems cmmemmana>]
$-RBSOLUTE 1§teral=meecmcamm>!
:-ABDRESS(unique.label)~---->:
;-identifier---------------->3

i-arr ay - i d»—---u—‘-—-‘-an -vam-y !
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MIL allcws the structuring cf data whare a field may De subdi-
vided inte 3 numsber of suc-fieldss, each of which has its oun
identifiers The whole structure is crganizec in 3 hierarchicat
formss, where the most general declaration 1s a level 21% {or 1).

No geclaration may te ¢cn a tevel greater than $5. A subdiyided

field is called a Greup ltems anc 3 field rct subdivided i1s known
as an Elementary Itenr.

The type and length of data need not be specified on the grougp

Llevei. AllL Elementary Items must indicate type and length’ the
compiler will assume type bit and add the lengths of the co=mpo=-
nents to detarmine the length c¢f the Group Iten. Note that the

tength ¢f the Group Item is the sum of the lengths of its Elemen=
tary Items.

In the following example, both B and C are consideraed Group

Itemss 3 has a totai Length of 93 bitss € is 50 bits longe

DECLARE C1 B>
g2 C»
03 D BIT(20)»
03 E 8IT{L30)»

02 F CHARACTER(5)5

Group ltenm
Group Itenm

Elementary ites
Elementary Itenm

Elementary Itesn

ot W et

fFILLERS w®may be used to designate certain Elementary Items which
the program does not rteference. If the FILLER is the last 1itenm
in @ structures it may be omitted’? the ccmpiler will consiger
the item to be an implied FILLER, A FILLER may never by used as
a Group Itenm.

C1 BE»
02 C»
02 D BIT(20),
03 FILLER BIT(3C),
02 FILLER CHARACTER(S),
02 G o BITL30)s

If the U1 level Group Item is an array» it is mapped as a centig-
uous area in memory. However, subdivisions of this array are not

contiguous as shown in the sxazple structure belows
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ll C1 3(5) B8ITC43), % implied length cf 48 Hits
22 C FIXED, rer element
0z U FIXEDS

or {egquivalent):

g1 2(5),
02 C FIXES,
02 D FIXED>

1==> {each item of B) 438 bits
l -

{

NN R NS W AR W R R D MR N WG W N G GE MR W RN NS R AR TR D R R N AR AR R GRS R e

30 81 g2 B3 34
€¢ 0¢ €1 D1 €2 D2 (€3 L3 C& U4

AT W AN ER AR S MR R NS WS R W OB A WS NR AR R W WE WD R WE AR G W W WN W R NS NN D G NS A W e W

1
1
I==> {each element of C and D) 24 bits

Note that the <C%'s are not contigucuss ©Deing interspersed with
‘ i D*s. ;

| If a Group Item is an arrays an array srecification may not
| appear in any sutordinate iteg> that is» only cne=dimensional

arrays are altlowed. That array specificaticn is arplied to all
subordinate iteas.

If a Group Item is declared with the REVERSE opticons then REVERSE

is also implied for ail subordinate items in that group. Speci~
fication of the REVERSE option for subordinate items would be
redundant. :

Structured data may be REMAPped in the same manner as non=struc-
tured datae. In additions structured data =3y be REMAPped with a
dumsmy group identifier. The purpose of this construct 1is to
allow the user to REMAP data items without having to declare
another Group Item which describes the sage area in meamcry. Thus
in the following examples

g1 B BIT{100)»
02 € BIT(20),
02 D BITC80)3
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"3" pight be remapged as

£1 33 REMAPS B 51iTC130)>» C1 CUMMY REMAPS B BIT(13Qd)»
82 CC BITC3C), or €2 CC BIT(30),»
02 DD BIT(7C)> : 02 DD BIT(70)7

Both £ and B3 refar to the sare area in memcry; hence 8B is
redundante. '

If 3 REMAFPED item contains the REVERSE opticn, then REVERSE is
also implied for the remapping item. .

The wuser should note the distinction betuween DUMMY and FILLER.
DUMMY is used in conjunction with REMAPS to elirinate the neces=
sity of declaring a redundant Group Item. FILLER is used if one
desires to skip over a part of the structure.

The following restrictions apply to the use of DUMMY REMAPS:

é ‘:} 1. DUMMY may only:be'used Wwith remap declaraticns.
{ 2« | AllL restrictions éppiying to REMAPS apply to ODUMMY
REMAPS. :
3. DUMMY must hot»renap another DUMMY.
be DUMMY Group Items wmust have at 1east cne non-filler

coaponent.

DUMMY is commonly used to layout a template ef a structure which.
has no fixed memory addresss €egde» the contents of a registers
or a table in S-memory at a relative memory addresse.
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cicze
C54C
4040
D106
ceos
§C4C
D4C1
0%E2
€&l
L1Cs
D44C
404C

D30E
£840

$807
De9¢C
7118
7C58

conE

EXAMPLES:S

MEMORY
ACDRESS

[C7D0C002
£0750001
[C70C183

D3CS -

RV LM VDLMHML DL W

8 A W

£700¢01
£700101
£700203
£700301
£700401
[7D0501
{7D0601
(700701
{700801
£700503
[700401
£70080]
£700C01
£700003
[700£01

{7DCFO1
701001
{701101
£7012901

" MEMORY

ADDRESS

{C3E8CQ]

[C3£800]
[Q03EEQA]

gogoQoes
£00cCeoel

7098 3 (700001
B408 3 (700101

8C30 3 f7pc201
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DECLARE
01 DUMMY RENAPS ADDRESSINAMES),
02 NAME (5) CHARACTER(5),
03 NAKE.1 CHARACTERC3),
03 NAME.2 CHARACTER(3);
TABLE NAMES
BEGIN
"ABE "
"JOHN "
"HARTHA"
~JIN v
"LERQY "
ENC
MOVE NAMEC3) TC FA
READ DATA.LENGTH{NAME.1) BITS TO X INC FA
READ DATA.LENGTH(NAME.2) BITS T0 Y
DECLARE
01 PAGE.AND.SECMENT REMAPS ABSOLUTE 256000 BIT(24),
02 P.NO BIT(8),
02 S.NO BITC(16),
01 DUMNY REMAPS BASE.ZERC,
02 P.T BIT(8),
02 s.T BIT(16);

READ CATALLENGTH(PAGE.ANC.SEGMENT) BITS T0 T

EXTRACT DATALLENGTH(P.NO) BITS FROM T{(P.T) TO X
EXIRASI DATA.LENGTH(S.NO) BITS FROM T(S.T) TO Y
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CECLARE EXAMPLES

The foliowing will illustrate by example exactly how declarations

might be wused in a MIL progras. (See also Programming Techni-=
guess)
b4 THE DECLARE STATEMENT IN MIL IS ONE WHICH ALLOWS THE USER TGO
Z LOGICALLY ASSIGN NAMES TO PHYSICAL OR RELATIVE MEMORY ADDRESSES
y IN A STRUCTURED MANNER. THIS FACILITY ALLONWS ONE TO CONSTRUCT
4 DATA STRUCTURES INK A FORMAT THAT IS SIMPLE TO UNDERSTAND AND EASY
4 TO CHANGE WHEN THE OCCASICN ARISES.
2 .
b4 "NON.REMAP ITEMS"™
4 .
p4 THE MIL COMPILER MAINTAINS A VARIABLE WHICH IS INITIALIZED 13
Z 0. KHEN AN ITEM IS DECLARED», IT IS ASSIGNED THE CURRENT VALUE oF
b4 THE VARIABLE AND THE VARIAALE IS INCREMENTED B8Y THE BIT LENGTH
Z OF THE DECLARED ITEM. EXANPLE:
)4
MEMORY
ADDRESS
CECLARE )
£egacoql DISPATCH.REGISTER BIT(24),
[cgoo181 - GLOP1 ' BITC48),
£000048] ADDR.GISNMD 8IT(24),
{0CCC601] LOCN MAKE.MCP .BE HERE BIT(33),
£00003811 GLCP2 BIT(29),
[CCOCSE] ADDR . MCP.LIMIT FIXED>
b4
4 NOTE THAT THE DECL ARE STATEMENT IS COMPLETELY FREE FORM,
X MUST BEGIN WITH THE WORD <CECLARE™, MUST END IN A ";", AND
2  EACH ELEMENT MUSY BE SEPARATED BY A =,=_
4 EACH ELEMENT THUS DECLARED IS USEC EXACTLY LIKE A LITERAL
2 AND MOST OFTEN REPRESENTS A MEMORY ACORESS. '
4 EXAMPLE S
Y4
MOVE ADDR.GISNO TO FA
: READ 24 BITS 10 X
z T
Z WOULD ASSIGN THE LITERAL 72(=24#48=ADDR.GISMO) TO REGISTER
X FA, AND WOULD CAUSE THE CONTENTS OF MEMORY AT ADORESS 72 TO BE
b4 READ INTO REGISTER X.
2 NOW» ANOTHER CECLARE LIKE THE ONE ABOVE WILL SIMPLY START
Z

ASSIGNING ADDRESSES WHERE THE LAST ONE LEFT OFF. EXAMPLES
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bd
QECLARE
GLCFZ 2ITC12),
CHARLSAVE (AREZA CHARACTZR(8)>
p4
% JECLARE ELCTMENTS MAY ALSO €E STRUCTURED SUCH THAT SOME
b4 NAMZS CVERLAP PIECES OF MENCRY CDESCRIEELD 8Y OTHER NAMES.
x
MEMORY
ADDRESS
CECLARE
[QCCCa01l 01 TRACE.SITS BIT(27),
0S5 FILLER BIT(15),
[CCCCCF1 C5 NS.HALT.ONLY BIT(1)»
[CccCci0l 85 TBLFLAGS BIT(&),
[GCCC14] 03 TB.TYPE 8IT(4),

07 FILLER BIT(1)>»
£0CC0153 07 TB.STORES.ONLY 8IT(1),
£3CCC1a1 07 TE.ERANCHES BIT(1),
£0CC0171 07 TE.REST BITC1)»
£C0CC181 05 TB.GET.SPACE.TYPE,
£agco181 99 { TBGS.STCRES.CONLY»

[CCC0191 TBGS.BRANCHES,
[cccoo1al TBGS.REST) BIT(1)?

THE ABOVE EXAMPLE ILLUSTRATES SEVERAL POINTS.

1« THE ADORESS PICKS UP WHERE THE PREVICUS
DECLARE LEAVES OFF.
NCTE HOWEVER THAT THIS IS NOT TRUE
IF THE PREVIOUS ITEM OR STRUCTURE IS A
"REMAP ITEM™. THE CCMPILER'S INTERNAL
VARIABLE USEC FOR DEFAULT ADDRESS
ASSIGNMENT IS MAINTAINED AND

INCREMENTED CNLY FOR NON.REMAP ITEMS
OR STRUCTURES.

2. DECLARES MAY BE STRUCTURED SO THAT SOME FIELDS ARE

DENCTED AS EEING CONTAINED WITHIN OTHER FIELDS?
€eges TB.REST IS CONTAINED WITHIN TB.TYPE.

3. “FILLER™ CAN BE USED IN STRUCTURES AS OFTEN AS
NECESSARY AS A PLACE HOLCER.

4. ITEMS WITH THE SAME TYPE AND LENGTH CAN BE PUT
- INTO A LIST, SURROUNDED BY PARENTHESIS, WITH
THE TYPE ANO LENGTH SPECIFIED AT THE END’ e<ges
TBG.STORES.UNLY, TBGS.BRANCHESs and TBGS.REST.

'S. THE LENGTH OF AN ITEM NEED NOT BE SPECIFIED IF
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yA IT HAS SUB ITEMS WHCSE LENGTHS CAN BE DETERMINED?
4 €eges TB.GET.SPACEL.TYPE, WITH AN IMPLICIT LENGTH
y 4 OF 3 BITS.

%

4 NCTE: STRUCTURES MUST Z2EGIN WITH AN "C1™ LEVEL IDENTIFIER.
b3 SUBSTRUCTURES MAY THEN HAVE ANY LEVEL FRIM £2-99»

4 WITH THE SUBSTRUCTURE ALWAYS HAVING HIGHER LEVEL

4 NUMEERS THAN ITS SUPERSTRUCTURE.

z

4

b4 "REMAP ITEMS"™

4

b4 IT IS POSSIBLE TO TEMPORARILY SUSPEND THE MECHANISM WHICH
y4 CAUSES ADORESSET TC BE ASSIGNED BASEC CN WHERE THE LAST CECLARE
4 LEFT OFF BY USING REMAPS STRUCTURES.

Z FOR EXAMPLE, IF WE WISH TC DECLARE A "TEMPLATE™, WHERE THE
b4 DECLARED ADDRESSES ARE AOCED TO SOME EBASE PRICR TO THEIR USE,
Z THEN WE WOULD DO THE FOLLCWING.

4

MM ANNN NN

MEMORY
ADDRESS
CECLARE

gecogcocy . 01 SYSTEMJ.CESCRIPTOR REMAPS BASE.ZERO,
[gCogcel 02 SY.METIA gIT(2),
£0000021 02 SY.LCCK BIT(1)>»
£0000031 02 SY.IN.PROCESS BITC1),
[CQaCC04] 02 SY.INITIAL BITC(1)»
£0000051 02 SYLFILE ' BIT(1),

: 02 FILLER 8I7C10)»
£00C0101 02 SY.TYPE BITC4),
[00C0143 02 SY.ADDRESS BIT(36)»

03 FILLER BIT(12)» 2 PORT»CHAN>UNIT
[0000201 03 SY.CCRE BIT(24),
[coco3el 02 SY.LENGTH BIT(24)5

CNE MIGHT USE THE.ABOVE STRUCTURE AS FOLLOWS:
DEFINE SYS.DESC.BASE = S14Ag

MOVE SY.TYPE TO FA
ADD SYS.DESC.BASE TO F2A Z ADD BASE RELATIVE QOFFSET
READ DATA.LENGTH(SY.TYPE) BITS 7O X

NOTE THE USE CF A NEW RESERVED WORD “CATA.LENGTH™.

THIS CONSTRUCT ALLCWS ONE TO USE THE LENGTH OF A DECLARED ITEM
WITHOUT HAVING TG DEFINE IT ELSEWHERE.

YHE REMAP STRUCTURES THAT MAY BE USED ARE:
1. REMAPS BASE.ZERT
2. REMAPS ABSOLUTE Lliteral
- . 34 BREFBAPS ADORESS(some. label)
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D3C1
40440
€103
C140C
E2E3
D54¢
£2€3
Ca4c
D3Cy
E340
CsD3
C14¢C
E2E3
D640
CiCi
E2CS
C9Cs
g3ce
cs9ce
CsD3
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4. REMAPS SASE.ZERC REVERSE

IF ONE KNEW THE ABSOLUTE ADDRESS CF SOME D0ATA STRUCTURE
IN NMEMORY, THE FOLLCOWING CCULD BE DONE:

MEMCRY
ADDRESS

BECLARE
[0C0C4CO1 01 SAVE.AREA REMAPS ABSCLUTE 1024,
[C00C4001 02 SALFIRST.ITEMNM FIXED,
£coca18l 02 SALSECCND.ITEM = CHARACTER(200),
£gagasal 02 SATHIRDLITENM BIT(2561)5

OR» IF THERE WAS A LABEL THAT WAS THE START OF A TABLE OF
CONSTANTS, THE FOLLOWING WCULD BE SUITABLE.

DE MEMCRY

ADDRESS
DECLARE
[€CCa83] 01 TRACE.TASLE (10) REMAPS ADCRESSCTRACE.MNEMONICS),
£0C00001 02 TRACE.NANE CHARACTERC4),
£C00C0C] 03 TRACE.NAME.1  CHARACTER(3),
£CC001&] 03 TRACE.NAME.2  CHARACTER(1);
TRACE.MNENONICS
TABLE
BEGIN
3 £000CO0} LA =
3 10C010)
3 £000201 "ALA =
@ £00030) |
s £00040] “STN =
3 1000501
3 [00060] *STC =
3 £coorol
s 1000303 ComLIT =
3 1000901
3 [000A0] “ILA =
< 1000801
3 [C00CO] . =STQ
3 1000003 .
3 [CO0EOQ] *CASE™
3 [0C0FO03
3 1001001 ~IFTH®
& 1001103
3 £00120] =IFEL™
s 1001301

ENC
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a [0C1401 - MOVE TRACE.NAME(Z2) TG FA x MOVE ADDR "ALA " TO FA
s [C01501

a [CC1401] READ DATALLENGTH(TRACE.NAME.1) B8ITS TO X INC FA

a {CC1701 READ DATA.LENGTH(TRACE.NAME.2) BITS TC Y

NCTE THE USE CF ARRAYS IN THE AEOVE EXAMPLE. IF THE

PRCGRAMMER DCOES NOT KNOW THE INDEX TO USE AT COMPILE
TIME, THE FOLLOWING COQULD BE DONE:

DEFINE TRACE.INDEX = SO0B#

MOVE TRACE.INCEX TO X ‘

MOVE LENGTH.BETWEENLENTRIES(TRACE.TABLE) TO Y
CALL MULTIPLY.X.Y

2 ETC

LTIPLY XY
Z MULTIPLY COCE

EXIT

THE ASQOVE EXAMPLES HAVE SHCWNs AMCNG CTHER THINGS, TWO OF
THE "SPECIALS™ THAT ARE INCLUDED IN MIL SYNTAX TO GO ALONG RITH
DECLARES. THEY ARE:
DATALLENGTH(declared.identifier)
LENGTH.BETHEENLENTRIES(array.identifier)

NOTE THAT WHEN ARRAY NAMES ARE USED WITH THE SPECIALS, THE
SUBSCRIPT IS NOT PRESENT, AND IS A SYNTAX ERROR WHEN IT IS

* PRESENT.

ANGTHER TYPE CF REMAPS IS ONE THAT REMAPS A PREVIOUSLY
DECLARED STRUCTURE. IN THIS CASE, THE ADORESSES OF THE REMAP
STRUCTURE WILL BEGIN AT THE ADCRESS OF THE REMAPPED STRUCTURE.
EXAMPLE:

MEMORY
ADDRESS

DECLARE ~
[03E800] 01 SA.SECONDLITEM REMAPS ABSOLUTE 256000 CHARACTER(C30)5

DECLARE
[03£8001 01 SAVE.AREA.CHARS REMAPS SA.SECOND.ITEM.
[Q3E8CC] 02 SA.NAKE CHARACTER(30)»
{03E8CC] 03 SA.PACK.ID CHARACTER(10),
[03E850] 03 SALFAMILY.NAME CHARACTERC10)»

COZEBAG] 03 SA.OFFSPRING.NAME CHARACTERC10)3
| "REVERSE®

~ ANGTHER ATTRIBUTE THAT NAY BE APPLIED TO A SIMPLE ITEM OR .
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)4 A STRUCTURE IS THE “REVERSE™ ATTRIBUTE. THIS ATTRIBUTE CAUSES

% THE FINAL ADCRESS ASSOCIATED WITH A DECLARED ICENTIFIER TO B¢

% ITS NORMALLY CALCULATED AOCRESS PLUS ITS DECLARED LENGTH.

4

4 FCR INSTANCE, SUPPCSE A PRCGRAMMER WISHES TO SPECIFY A

4 STRUCTURE THAT DESCRIBES THE TOP COF MEMORY AND WANTS TQ LIST
z THE IDENTIFIERS FROM THE TOP OF MEMORY DOWNWARD. THE FOLLOWING
Z COULD THEN BE ODGNE:

z

3T XL 2o

MEMCRY
ADDRESS
DECLARE
(0011091 01 TCP.OF .MEMORY REMAPS BASE.ZERDO REVERSES
02 sLap BIT(32),

[00C2491 02 ADDRLINTERRUPT.QUEUE BIT(553),
[0Q0C3391 02 ADDR.SAVED.ASTACK BIT(240),
£occassl 02 ADDR.GISMOLWORK.SPACE BIT(334),
£00ces1] 02 ADDR.TEMP.FIB BIT(920)»
0011091 02 ADDR.TRACE.SPACE 817(2232),
£00G8631] 03 ADDR.TRACE.CODE 3IT(24)>

THESE IDENTIFIERS CCULD THEN BE USED IN MIL STATEMENTS
AS FOLLONWS: .

MOVE ACDR.INTERRUPT.QUEUE TC Y
EXTRACT ADDR.TRACE.CODE FROM T TC X
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‘:’ REGISTERS AND SCRAICHEAD

This section is intendecd onily as a orief cverview of the regis-
ters within the processor. It 1s assurec that the reader is
familiar with the contents of the B1700 Systens Reference Manual
{forg 1€57155). (See also Appendix 8 in this manuatl).

NJTE: The most-significant {(left-most) bit in any register is
identified in the MIL syntax as bit 0 (zero)» the next
mogst-significant as bit 1, etce. This is particularly
advantageous in a bit-adcressable wmachine sinces for
software purposess it is often desirable to think of 3
register as teing an extension of main asemory. It should
be noted that this convention is at variance wWith the
harduware bit numbering convention wheres generally», all
tits are nuabered right to left, O through 23. This
di fference has particul3r significance when any dit data
is to te CRed into the M register at run tinme.

BEGISIER GROUPS

. The registers briefly described in this section are divided into
’ the following logical groupss

Active
Result
Scratchpad
Constant
Input/Cutput
Condition
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0 ACTIVE REGISTIERS

! Source | 4-bit Source 1|

I &8 Sink § & Sink I

jeecccccs|ccccscnccnccan]

H X 1 » TOPNM i

B Y jemwecscccacccca

L} T 1

i L i ‘ T sub register FB sub register

& A ‘ ) D - Y D D - - - - - - - - -

1 M 1 I 4-bit source & sink 1 ! scurce & sink |

i BR 1 I R et DL | jeremcccnncncans]

1 LR | 1 TATB TC TD TE TF 1 ! FU FT FL I

i FA ! | eeeseccccsceccccvccsccaes cescecerccccccana

| F8 |

} TAS |

i o !

I «MSMA | L sub register C sub register

1 aMBR | ceeccscececcnmcenemncne~ cemcmccccccccc e~

cecscscan= : 4=bit source 8 sink : : source & sink :

I LA LB LC LD LE LF 1 ] CA CB CC «CD «xCPt

‘:@ * MSMA, TUOPM, MER and the low order 3 bits of CD are not

physically present in the S-Memaory Processor. WNhen
addressed as a source they will yield a binary value of
Zero. HWhen addressed as a3 sink (destination) the data is
lost.

e CPU, a 2-bit sub register of CP» is not addressable as a
source or 2 sink.
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RESULT REGISTERS SCRATCHPAD
cfemscscscccsans Single Scratcngac Doutle Scratchgad
! Source {
I-------c-----] ceoeseceawaseswmewe e —emeeewewaeweeaeaewees
i SUM ] 1 Source & Sink 1 ! Saqurce & Sink |
{ CMPX i |emmemcmcccmaaaa] jemcecmmccmmnaaa]
i CMPY } i SOA i ! S0 1
! XANY i i cee 1 i cee i
1 XEQY 1 } S15A 1 { 515 !
i MSKX i I 1 ccmmeccccccccceas
| I MSKY 1 1 S08 1
| 1 XORY | ! .o 1
§ i DIFF i i $156 1
1 B ) WS 40 W5 N W @) WR G WO U5 AR 6B a8 - -

CONSTANT REGISTERS INPUT/COUTPUT REGISTERS

L R W ¥ R R Y P X B R X N ¥ N L XY R RN YR PR L E R E R R X3

coeseceease e L P R R B R T R XL T F L E 2 2 ¥ P 2 ¥ ¥ ¥ )

! Source | ! Source 1 Sink | Source 2 Sink 1

2 <:} I MAXS 1 i U 1 CMND 1 DATA I
y ‘

CONDITION REGISTERS

LA A X % T L 2 X L X X L % % J

! 4-bjt Source 1

| | Rl bl bl | # INCN is not physically present on the
| | BICN 1 S-Memory Processor. When adressed as
; 1 FLCN 1 a8 source it yields 3 binary value of 0.
§ t «INCN i When addressed as a sink (destination)
| ] XYCN i the data is loste.

j 1 XYsS7T 1
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ALPHASETICAL LISTING QF REGISTERS AND KEY CCNCEPTS

Length Socurce
Name In Bits Sink Ncte
--n--.--o‘------. ---l Sa®emwoe- ' D L D N WD A D W D W W W WS W AR P A S W D AW A W W W WS e .
A t Depends | sa & sk | Control Memory Microinstructicn Address
I oan Pro= 1 ¥ Length = 14 (81726), 19 (S=1 Processor)s
! cessor | I 20 (S=2 Processor)
I Used 1 1

.----‘---‘---------!---------‘--------_—----------------—-----------‘--

BICN i 4 ! source | bosclean conditions
BR - 24 1 so & sk | Base Register or low address
! i ! S=Memory protection

.-------—i'----‘---l--------”--‘-----------------------—------—-‘--—‘-

C | 24 1 == 1 Control’> not addressable as 3 unit

.--“-‘--‘-‘-------l---“----'-O-------------O-------------—-C---------

CA 1 4 1 so & sk | subfield of C7 general purpose

‘--------l-----c---!---Q‘----‘-‘-------------------‘—----------—‘---‘-‘

csH 1 4 1 so & sk | subfield of C; general purpose

------‘--l----Q---"-------_;'---‘----------------------‘---‘----------

cC i 4 1 so & sk 1 subfielc of €7 interrupgts and flags

.--------’---------l----'----'--'-------‘----------—-------------------

ch 1 4 ! so & sk | subfielc of C7 interrupts and flags

.----‘--—l---------'---O-----'-----—----——---------‘--C-----——---C_O---

CMND i 24 P sink 1 I/0 Comsand Register

..---C---’--‘q‘----’-----ﬂ---l------------—---------------'-----Q-—---.

cMpPX | 24 1 source 1| Result: complement of X5 masked by CPL

.--"----lc-‘------‘--‘----‘-'.-‘---------------------------—--..—--—-.

CMPY ! 24 i source 1t Results coamplement of Y; masked by CPL
CNS | 24 I sink ! interface to soft console on *GEM?
] 1 } processor

Console 1} 24 ! socurce ! the 24 toggle suwitches located
Switchesl 1 on the Console front panel
Control 1 16-BIT 1 so & sk | location of micreoinstructions
Memory | words l\ ! an M=-Mesmory Processor

.--------'---‘-----‘--------‘l--------------------------------------‘-‘

cP ] 8 I so & sk t Control Parallels subfield of C

-----‘---t--‘------[-----‘.‘-’-‘-----..—----_-----‘--------------------

CcPL S 1 o= I Control Parallel Length? subfield of CP

.C-------'---------’-------“t---“—-‘---.-----------—--------—--Oﬂ-n‘.

cpu i 2 ? ce- ! Control Paratlel Units; subfietd of CP

.-----‘--'-Q------“------.--{---'----------—_-------‘-----‘----------'

YD L 1 1 source | Carry Difference or carry of borrow

'----d---!-—— !—- -’-Q-.-‘.--------------------—----“-------
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Length Source
Name In Bits Sink Ncote

.----u-o-l----—-‘--'--Q------'-------c-----‘---------ﬂ

CYF | 1 I so & sk | Carry Flip=Flop;, subfield of CP or BICN

cYL i 1 1 sgurce 1Carry Level or carry of sum’masked by CPL

DATA 1 24 ! so & sk ' I/0 Data Register

..-----.-"----‘---'--.------l-'-------------------‘--‘----------------

DIFF 1 24 1 source 1! result of X=(Y ¢ CYF); masked by CPL

‘-’----Q-"--.-----‘---------'----..--------_-—---._----------‘-------.

F 1 48 I ===t Field in S-Mesory>FA and FB concatenated

.-------‘t-“------l---‘----.‘----‘------G----C--.. ——————— D D D D AL A R N D D W

FA ; 24 : sg ¢ sk : Field Address in S-Memory
F8 R 24 ! so & sk § S-Memory Field Unit{(FU), Field Type(FT),
[} ] I and Field Length (FL)

FL 1 16 1 sc & sk ! Field Length in S=Memory? subfietd of F8B

--.--‘-Q-‘---------l".------‘---.------—-------------—-‘—----‘-------.

FT 1 4 I so 8 sk 1} subfield of FE

.----I----'-----‘--‘!---b..---'------------. ------- - - - en e e - - - - W w @ ws - - W . =
FLC ! 4 1 so 2 sk | subfield of FL '

FLD i & 1 so & sk | subfield of FL

FLE {] 4 ] so & sk t subfielg of FL

---------'-‘----ﬂ--'--..---‘-"-‘----_-------‘_----‘-‘--‘--'----------‘

FLF ! 4 ! so & sk I subfield of FL

.--------‘--------.l---.-.---'-----------------------------------‘-~-‘¢

FLCN 1 4 I source 1| boclean Field Length Conditions

FU 1 4 1 so & sk | S=-Memory Field Unit sizes> subfield of F8B
INCN 1 4 ! source 1 boolean dispatch Interrupt Ccndltlons
1 ' 1 } M-Mesmory Processcr

I0RG 1 4 1 so & sk 1| 8133C system only

L ] 24 } so & sk 1 Local register alsc used in DISPATCH»
1 } 1 CVERLAY, TRANSFERJCONTROL, READ/NRITE
i v } NSML AND S-MEMORY ACCESS

---------'-...-‘---3--..-----‘-----_----‘-—-------C-_-------‘----‘-----

LA & .1 so & sk ! subfield of L

LB H 4 1 so & sk 1 subfijeld of L

.--Q‘----‘---------‘--Q-‘----l.--.---------------Q----—--an-----------‘
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! -~ Length Source
:i 0 Name In Bits Sink Note

---------'.--------‘-‘-.-.-—-l--------------C-------------‘-----—---o--

LC ! 4 f so & sk ! subfield of L

.-------"---------'----‘----i._‘------------_----------. ----- "W @) W 4B Wn @ an @ o=
LD i 4 I so 8 sk | sucfiela of L
C‘-—-----’ ---------'--------‘l D D W D D T D TR W A A D AN SR D AR W R R R R WD W WD We 8 W -—-w-ae-w

LE ! 4 I so & sk | subfielc of L

.--------!---------l--“-----l‘-------—---—-----‘---------------------.

LF 1 4 | soc & sk | subfielc of L
LR i 24 t so & sk | Limit Register cr high address S=Memory
i L I protection

---‘---“'---------‘---------'-‘-----------------------------‘-‘-------

M ! 16 1 so & sk | current Micrcinstruction register
MBR i 24 1 so & sk I Main Memory Micrcinstruction Ease
I I ! Register; not cn S-Memory Processor

MAXN i 24 ! source | hardwired Constants number of 16=bijt
1 | ! words of M=-Memory

MAXS 1 24 I source | Constant? size ir bits of available
1 ! 1 S-Memory

.--------'--‘----‘-“-‘------'---‘-----------------‘--‘----------------

‘:; MSKX 1~ 24 1 source | FResult> mask of X7 length by CPL
3

i
3
ii
A
i
!Ei
i
|

MSKY | 24 ! source | Result’ mask of Y> length by CPL
MSMA i 16 I source | Control Mesory accressed by the A
] 1 ! register; M=Memory Processor oniy
.MSSH 1 2 I so & sk 1| Master/Slave switch
L L} 1 Not available on E17030 processors
Main i - ! READ !
Mescry | ! WRITE ] S=Memory

--------—!---c-----'---------l--------;--—------—-----—--------‘------.

NULL i 24 1 so & sk | always zero
PERW¥ 1 4 1 so & sk | Parity Error in memory
! ¥ ! Not available on B1700 processors
PERR | 4 § source I Parity Error Register’; reflects error
i ] ! conditions from S & M=Memory» & cassette
PERP { & ! so & sk | Parity Error in processor
' 1 1 ! Not Avaiable on B170C processors

‘-‘---’--"‘-------‘---’-----:-------—-'Q--‘---—---------. - - en an -

READ ! 2% 1 source 1 Console switch position? reads S—Memory
i | | I addressed by FA to Console lights (A on

g I ) b 1714)
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Length Source

Name In Bits Sink Note
---------l---------l----—--—-‘-o--—-—--------—-—-——-—C--------------—--
SFL ] 16 | cm- I subfield of SC8 correspending to FL

i 1 ! in F8
---------!-----—-q-,--------—'-----—-- ----- - - - - - "D P D W W W W W WD W W W@ W W W
SFU 1 4 | ca= ! Subfielg of SOB ccrresponding to SFU

i 1 ! in F8
.--------‘—--------'--O----—-'----'-----------------—n---——--—----n---.

Sg8-515 |} 48 1 so & 5k ! Dcuble Scratchpad Words

.-‘------l---------'q--‘-----‘--—---------—--‘—-----------------‘-----n

SO0A=S158 1 24 I so & sk ! Single Scratchpad Words
.“--'-‘-’--“----‘l----‘-‘--.-‘-.---“----’--"----------"‘--‘---"--
S=Memory | .= ! READ I Main Memory

H i WRITE ]
e L B LR R S R R L L L R b e L e e b e e P D DL LS D
Sy | 4 i bl I subfield of S08 corresponding to fFU

1 | ! in FB
--.—-----'---------’----a—---'-.-----—--—------------—--—-———-———----—-
SUM i 24 ! source 1 Result (X ¢# Y +# CYF)> length by CPL
T i 24 ! so & sk 1! Transfora - will ROTATE, SHIFT or

1 | I EXTRACT bits? used also in S=memory

| i 1 access and TRANSFER.CONTROL

TAS | 24 l so & sk | Top of A Register=Stack

-‘------‘l--'---_--‘---‘-----l--‘------------‘-.----------'-------‘---.

TA 1 &4 1 so & sk | subfield of T

.---‘----'---------'----Q----l-‘i---------—---------—--------------—--.

T8 1 & 1 so & sk .} subfield of T

--------.‘-------‘-'-----‘---!--..-------------‘-

TC | 4 1 so & sk | subfield of T

---------"--------'--i------'--Q-----------‘----;----‘---------0-----.

TO 1 4 ! so & sk ! subfield of T

TE ] 4 1 so & sk | subfield of T

---------'—--------!-----—--'--‘-----------‘---------—----'------‘---.

TF | 4 1 so & sk ! subfield of T
TIME 1 24 | source | Not available on B1700 processors
i i § Increments every 3 system clocks and
t 1 } wraps around when it passes its highest
1 ! value. Does not stop when cpu is halted.
TOP M ] 4 ] so £ sk t Top aof Contrcl Mesorys not on S-Memory
| | 1 Processor

-------‘-I-“---Q--'---Q-----‘-‘-------------‘-‘-------------‘-‘-------

U 1 16 ! source | cassette input only )

WRIT 1 26 1 —aw- ! Consote position switch? writes Consote

| - 27 .+ 41 switches to address of memory contained
I | I ¥in FA CA on 1714)
X | 26 Y so & sk t input to Function Box and access to
¥ % ... ¥ S-memory : : . :
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Length Sgurce
Nanme In Bits Sink Note

------—--l --‘—-----I -----n-—-! LR N L R XN R L T T L LR ERE L EEFE R

XANY 1 24 | source | Result; X ANC Y; length by CPL

XzdY i 24 !} scurce | Results; X EOR Y7 tength by CPL

------ R L R i R R L LD DL LR L L S Al D L LR DL DL DL
X3RY 1 24 ! source 1 Result? X CR Y> length by CPL

----‘---‘l -------- - l - A WS R WS W W W ' A R L T DR G D ER G S W G CD D D R R AD SRS AD G DA G el WD W A AR D AR e

XY i 438 ! source f X AND Y concatenated

eoeoeseose e ‘ LE R T X X % X % 3 ' -----'-“‘ X R R 2 B P L 2 L R L L B L X T L R L ¥ I L T T E ¥ ¥ L L ¥ 2 T % J

XYCN ) 4 | source 1| bgolean Conditions of X related to Y

XYSY 1 4 ! source | boolean States of X and Y

Y i 24 1 so & sk } input to Function Box and access to
! ] I S-menmory

IR PR EEREELDEDERPFLEEFFEREPEERE R L EERERENR TR E LY R X R X R R K ¥ LR L L E R E R R ¥ R W IR N
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ACTIVE REGISIERS
The following is a descrintion c¢f thé active registerse.
X AND XY REGISILRS

The X and ¥ registers (both of which are 24 bits wide) are used
as inputs into the 24~bit Function 3ox (see belcwl. All func-
tions are performed under control of the € {(Control) register,
which regulates the length of the operaticn, <class of arithmet-
ics» and least=-significant carry input. The X and Y registers
are capable of teing shifted or rotated ingividually or as a 48
| bit unit and may receive or transmit data frcm or tc main memarye.

EIELD (F) BREGISIER

The F register is divided into FA and FB, each subregister being
24 bhits wide. The FA (Field Address) porticn is used to address
gain menmorye. FB is divided into FU (Field Unit,» consisting cof
four bits used to indicate arithmetic unit sizes FT (Field
Typed» a general=-purpose 4-bit fields and FL (Field Length)s
consisting of 16 bits used to indicate the length of fields in
main memaory. FL is sutdivided intc FLC, FLD, FLE and FLFs, each
four bits in Lengthe.

LOCAL L) BEGISIER

The L register is 24 bits wide and is subdividec into LA» LBs LC»
LDs» LE and LF, each four bits in lengthe L anc its subdivisions
are generally used to temporarily hold the <contents of ather
| ’ processor registers. It is alsc used as a scurce and destination

for main memory access and has iwuplicit use 1in the DISPATCH,
OVERLAY» READ/WRITE MSML and TRANSFER CONTROL microinstructions.

IBANSEORM (Y) REGISIER

The T register is a 24~-bit transformation register used exten=—
sively for interpretation of virtual-language operatorse. It is
subdivided into TAs T8» TC» TOs TE and IF, each four bits in
length. T has strong SHIFT and EXTRACT logics associated with it
and is the principal formatting register of the processor. This
register aiso has the capability of receiving or transaitting
data froa and tao aain semary. : : , SR
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The M register is a l&€=bit register which hclcs the micro~cper-
ator for decoding snc sudsequent execution by the hardwara, It

is addressable as 3 source and sink register; when used as a
sink register the source is Dbit-CRed with the upcoming M=-op»
except in TAPE modee.

BASE (BR) AND LIMIT (LR) REGISTERS

The BR 3and LR registers are each 24 bits wide and are used to
hotd the main memcry base and limit adcresses for the currently

active main memory process. The H=-Memcry processor hardware uses
these registers to determine i1f addresses in the Field Address
(FA) register are within the base/limit bcunrcdariese.

ABDRESS (A) REGISIER

The A register 1is the amicrcprogram address register which
contains the bit address of the next microinstruction. Values in
the A register are always MOD 167 ie8e» the Lcuw=-order four bits
are always zero. - Register moves to A discard the lower order &
bits of the register; moves of A to a register multiply the
contents of A by 16 before storing intaoa the register. It is
capable o¢f addressing 16,384 microinstructions located in either
control memory or main memory or bothe. The A register is auvto-
matically 1incremented to the next sicroinstruction before the
current aicroinstruction is executed. It is alsoc capable of
having any vatue fros 3 to 4,095 added to or subtraced from it to
facilitate microcode branching of up to 4055 =®microinstructions.
Wraparound can occur and is permitted.

ADDRESS (A) STACLK

The A stack is a 32-element~deeps 24&=bit wider» push=downs paop=-up
BEemOry?s ie2.» 3 last=in~first-cut (LIFO) storage structure. The
A stack 1is wused to nest sicraroutine linkages and provides for

highly shared routines» thus reducing contrcl menmory require=

mentse. Although the A stack was intended for microcode feturn
addressess it has been mnade 24-bits wide to allow for any operand
storagee. Data 1is pushed into or popped out of the A stack by

using the TAS register.
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LICE JF ACDRESS STALK)

The TAS register is a 24 bit register which is the top of the A

stacke Referencing TAS as a source pops the tof cf the A stack
inta the sink register cr pade. Referencing TAS as a sink pushes
the source register or pad onto the top of the A stacke Wrapa=-

round of TAS is possibles 32 consecutive pops or 32 consecutive
pushes causes a comrplete wraparcunde.

NOTE: The S=Memaory Processor A stack has onily 16 storage
elements.

OE CONTROL XEMCRY (IQP.l REGISTER

emory Processor only)

B
¥

=lo

The TCPM register is four bits wide and 1is used to detersine
| which memory (control or main) contains the next microinstruc=
| tion. If the A register is equal tc or greater than
(TOPNM=2S512+16), the next microinstruction will be fetched frosa
! main memory rather than controi memory. The TOPM register is
addressable as a source or as a sink (destination). The fetch
from S-Memory takes place at address MBR ¢ (16+A).

PEFORY EASE REGISTER (MBR)

M=¥Memory Processor only)

The FBR register is used with the A and TOPM registers to obtain
the sain memory address of the next microinstruction. (See above
formulad. The MBR register is addressable as both a source and
as a3 sink.

CONIROL €C) REGISIER

The € register is a 24-bit control register for the micropro-
cessor. It contains the 2&4~bit Function Box controls and carry
tnput plus some of the processcr interrupts and flagse It is
subdivided into CA, €8, CC, CDs» each fousr bits wides and CP»
eight bits wide. €A 3nd CB aay be usec as general=-gurpcse regis=-
terse CC and CO represent praocessor interrupts and flags (see
discussion under XYST Register below). CP contains Function Box
contralss CYF (O bit of CP)s CPU (1 and 2 bits of CPJ)» and CPL
(354»5»6» and 7 bits of CP)a CYF (Carry Flip Flop) notifies the
Function Box that a previous unit carry nwmust be added to its
summary resuits. CPU (Control Parailel Unit) notifies the Func-
tion Box of the type of unit contained in X and Y2 00 = binary,
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01 = 4-bit decimat. CPL (Contrcl Parallel Length) specifies the

widths in bitss, of the Functicon Box and Reac/Write microinstruc-
tionse. CPL cannot be directly addressed, but can be accessed as

a2 subfiald of the CP register.

LCCMZINATORIAL LCGIC OR EUACTION

W

X

The Combinatorial Logics, often called the Function Boxs produces
the Result Registerse. Inputs are the X register, the Y register

and the Carry Flip=flop (CYF). The inputs are combined under
control of the Contrel Paraliel Unit (CPU) register and the
Control Paradllel Length (CPL) registere. When values ares Lloaded
into the X and Y registers» 3 large collection of output values
ang conmparisons {called Resuit Registers) is made available to
all subseqguent microinstructionse

BESULT REGISTERS

The Result registers are outpguts from the 24=-bit Function Cox.
Their contents are produced imsediately ane automatically from
the 1inputs to the Function Box (X» Y and CYF) and cannot be

changed except by changing inputs or by <changing CPU (Control
Parailel Unit) or CPL (Control Parallel Length). If the value of

CPL is less than 24, then the 24 minus CPL sost=significant bits
of all Result registers wWwill be zero. These registers are source
registers only and therefore cannot be used as the sink (desti=-
naticn) register in a MCVE or in any other instruction.

XORY BESULT REGISIER

This register contains the INCLUSIVE OR of the X register
combined with the Y register. This is a bit by bit operaticn

with successive pairs of bits treated independently.

XANY BESULT REGISIER

This register contains the AND of the X register combined with
the Y register. This is the logical product of the X register

and the Y register. Each pair of bits is treated independently.
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XELY RESULT REGISTIER

This register contains the EXCLUSIVE CR of the X register
combined Wwith Y register.

1 C¥PX BESULT REGISIER

|

\ This register contains the 1%s complement of the X register.
EMPY RESULT REGISIER

{ This register contains the 1's complement of the Y register.

¥SKX BESULT REGISIER

Masked X contains the lcw=order CFL bits of the X register. ALl
other high=ordes bits are zera. If CPL is egual to 24, then MSKX
is identical to the X registere

¥SKY BESULT REGISTER

:| Masked Y contains the low=order CPL bits of the Y register. Attt
other high=order bits are zeroe. If CPL is equal te 24, MSKY is
identical to the Y register.

SUM RESULT REGISTER

Sum is the decisal or binary value (determined by CPU) of the X
register plus the Y register plus the CYF register. Corre=-
sponding pairs of bits are grouped by CPU cantrels and grouping
may be binary or 4<-bit decimal. If the sum of (X#+Y*CYF) is
g larger than the size specified by CPL, then the CYL (Carry Level)
i will be true (one). CYF may be set to CYL thrcugh use of the
‘ CARRY SUM instruction.




BURROUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP B1800/81700 MIL
SANTA BARBARA PLANT . P. S. 2212 5298 (E)

DIFFERENCE RESULT FREGISTER (LIFF)

DIFF stores the amount resulting from the subtraction cf the sum
of the <contents of the Y and CYF registers from the cantents of
the X register. The contents of the CPU register determine
whether the subtraction is deci®mal or binary. If the difference
is negatives X=(Y+({YF)<0, then Ciff Result will be in 2*s comple-
ment form or 10%s cosplement fora depending upon the modes either

binary or decimal respectively; and CYD (Carry Difference) wilt

be true (anel). CYF may be set to CYD by executing the CARRY DIFF
instruction .

NOTE: The CYD register is not conditioned by CPL? it is always
based on a 24=~bit comparison. The programmers therefore,
must know what is in the high=order positions o¢f the X
register and the Y register if CPL is less than 24.
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SCRAICHRAD

The scratchpad may te usad for tesporary stcrage of active recis-
ters. 1he scratchpad may hbe adcressed as sixteen, L48=hit dcuble
words or thirty=twecs 24=5it wWords.

SCRATCHPAD WGRDS = 24 BITS EACH

SCA S4A S8A S12A
SQB S4E S88 $128
S1A S54 S%A S134A
S13 S58 S$8 S13B
S2A S6A S10A S14A
'$28 S6E S1038 S14E
S3A STA S11A S15A
538 S7E S113 S158

COUBLE SCRATCHPAD WORDS =~ 43 BITS EACH

SO S4 S8 S12
St SS S9 S13
s2 S8 S10 S14
S$3 S7 S11 515

(Sn = SnA AND SnB concatenateds where n = 0 through 15)
CONSTANT REGISTERS
The following is a description cf the constant registers.
MAXIMUM MAIN MEMORY BEGISTER (MAXS)

The 24-bit MAXS register is set by the field engineer and
contains the value ¢f the maxiaum installed numbter of main memory
bitse It is addressable as a scurce only. Main mescry addresses
begin at zerce The lower 15 bits are always zeros jecer» MAXS
has a 4096 byte (32K bit) resolution.
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YAXINUM CONTROL MEXORY RECISTER (MAXM)

The 24-tit MAXM register is set by the field engineer and
contains the value of the maxirum installec number of control
memory wordss, each word comprising 16 bits. It is addressable as
a source cniye The lower 10 bits are always zero; 1easr MAXM
has a 1C24 word resolution. On the B1712/B1714 MAXM will always
contain zero. '

NULL REGISTER

The 24=bit NULL register, when addressed as a scurces, contains a
field ¢f zeross when addressed as a sinks it acts as a "bit

bucket™ (this sink characteristic is used coamonly to pop the A

INPUT/QUIPUT REGISTERS
The following is a description of the Input/0Output registerse

CONSCLE.SNITCEES

M-Memory Processoaor only)

This 24-bit register refiects the current state of the 24 Console
sWitches on the processore.

CONSOLE CASSEITE TABE INPUT (U) REGISIER

The U register accuasulates the data read fros the tape <cassette
on the Conscle control panel. It is addressable as a source in
the RUN mode with the NCVE REGISTER microinstruction and in the
TAPE a@ode with the MOVE 24-81T LITERAL smicroinstructione (See

MIL Statementss LOAD.MSMA.) It is not addressable as a sink
(destination).
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CO¥MAND REGISTER (CMND)

The CMND register is used to transfer commands to the I/0
controls. It is 24 bits wide and is acdressable as a sink only.

DATA BEGISTER

The BATA register is used to transfer data toc and from the 1/0
contraols and their peripheralse. It 1is 24 bits wide and is

addressable as a source of as a3 sinke

CONDITICN REGISTERS

There are five Condition registers:

8inary Conditions (BICN)

field Length Conditions(FLCN)

Interrupt Conditions (INCN)

X AND/OR Y registers(s) Conditions (XYCN)

X AND/COR Y registers{(s) States Conditicns {(XYST)

Each Condition register consists of four bitse. The bits are
identified from deft to right and are assigned the position
nuabers 0 thru 3, with O being the most=significant bit.

ALl Condition registers are source registers oniye. They may be
moved to another register or. _ tested» using the IF and SKIP
instructions, for their current contentse. They may not be the
sink (destination) register of any instruction.

BIT 8ICN XYCN XYST FLCN INCN

0 Lsuy MSBX LSUX FL=SFL NO-DEVICE

1 CYF X=Y ANY.INTERRUPTY FL>SFL HI-PRICRITY
2 cYDd X«<¥Y Y NEQ O FL<SFL INTERRUPT

3 cyL X>Y X NEQ O FL NEQ 0 LOCKOUT
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BINARY CONDITIONS (BICN) REEISTER

LSUY is true if the Least=significant unit cf the Y register is 1
and the Control Parailel Unit (CPU) register specifies DBinary
(CPU = 0)» ar S5 and the CPU register specifies cecimal (CPU =
e

The Carry Flip=flop (CYF) register indicates ¢the value of the
carry=in bit in the Control Parallel (CP) register. The CYF
register may be manipulated as part of the CP register and bty the
CARRY instructicnse.

The Carry Difference (CYD) register is true if X=-(CYF#Y)<0. This
condition is not affected by CFL» ie€e» 3 24=Dit cocmpare is
always madee.

The Carry Level (CYL) registervis true if (X+#Y#CYF), Llimited by
the Control Parallel Length (CPL) register, overflcss.

XY CONDITICONS (XYCN) REGISTER.

MSBX is true if the most=significant bit of the X registers as
determined Dy the Control Paraildlel Length (CPL) registers is a 1.
) 4

NOTE: The coaparisons of the X register toc the Y register are
not affected by CPL5 they are always 24<bit compares.

XY STATES (XYST) REGISIER.

LSUX is true if the teast-significant unit of the X register is 1
and the Control Parallel Unit (CPU) register specifies binary
(CPU = 07 orf 9 and the Caontrol Paraltel Unit (CPU) register
specifies decimal (CPY = 1). The coaparisons of the X register
or the Y register to zero are not affected by CPL; att 24 bits
of the X register and/or the Y register are used in the cospari-
sons.

’
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ANY LINTERRUPT

This bit is true if any of the following conditions in registers
CC, CD» or INCN (M-Memory Processcr) are trues

Event Register (B8it Position)
MISSING PORT OEVICE INCNCO)
PORT INTERRUPTY INCNC2)
TIMER INTERRUPT €C(1)
I/0 SERVICE REQUEST INTERRUPT ) cC(2)
CONSOLE INTERRUPT _ CC(3)

MAIN MEMCRY READ PARITY
ERROR INTERRUPT €oC()

MEMORY WRITE/SWAF ADDRESS
QUT OF BCUNDS INTERRUPT €03

The CC and CD registers are both &4=bit scurce and sink (destina-
tion) registers within the C register. The bits in each are

numbered O through 3» with bit 0 being the most significante.
They have been assigned the following uses and meanings:

CCC0) STATE LIGHT

CCC1) TIMER INTERRUPT

CCC2) 1/0 SERVICE REQUEST INTERRUPT

CC(3) CONSOLE INTERRUPTY

CDCO0) MAIN MEMORY PARITY ERROR

CDC(1) MAIN MEMORY WRIVE/SWAP ERROR OVERRICDE
C0(2) MAIN MEMCRY READ OUT OF B8OUNDS ERROR

CDC3) MAIN MEMORY WRITE/SWAP CUT OF BOUNDS ERROR

AllL bits in the CC and CD portions of the L register» once sets
.remain set even though the conditions that caused them to be set
say no longer exist. Therefore, if it is desired to clear any of
these bits to zero» this must be done explicitly. C€D(1)» CDC(2),

and CD(3) of the C register are always 2zero in the S-=Mesory
Processor but stilt»lay be addressed and testeda

CCCO):= Hhen: tf&e'%” tkefcohtrot danel stéte Llasp ftip-fioa uiltl
cause the STATE lamp tc Light on the Console.

8=-20
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CC(1): The real time clock interrupt signal is develcped frem
the prisary power freguency, fielag adjustablie for ejther
50Hz or 50Hz. The interrupt signal is received and is
used to set the CC(2) bit once every 100 mitlisecondse.

€C(2): The 1.0 Bus service request interrupt level is derived
from the varieus I/Q controls connectead to the
processor?'s 1/8 Bus. The level 1is the result of a
service request by one aer more controls and is used to
set the intervupt bit every clock time.

CC(3): The control paned interrupt level is derived from the on
pasition of the control panel®s INTERRUPT switche. The
tevel froa the switch is used to set the interrupt bit
every clock timee This flip-fliop also drives the Llamp
Behind the INTERRUPT switch on the control panel.

gg%ﬁ MEMORY READ EABIII Eﬁﬁﬂ. INTERRLET

This bir 1is set when a =main memory parity error is detected
during a READ or the READ porticn of a SWAP cperaticn or when an

attampt 1is made to access non-existent main memory. This bit»
when ons is also reported in ANY.INTERRUPT.

MAIN MEMORY AﬁﬂBE§§ QUT QF BOUNDS OYERRICE

cbDL1)) M-Memory Processor only)

During a WRITE or SWAP operation, if FA is less than BR or
greater than or equal to LR» then CD(1) is inspected and» if
zergs the operation is inhibited. Note that a WRITE/SWAP out of
bounds will always set CD(3) and ANY.INTERRUPT, regardless of the
value of CD(1). :

READ ADDRES3 QUY Of BQUNDS INTERRUPT
cnC2y)) (M-Memaory Processcr only)

This bit is set when a READ operation is attempted and the Field
Address (FA) register setting is either Lless than the Base
Register (BR) setting of greater than or equal to the Linmit
Register (LR) settinge The READ cperation is not inhibited.
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ARITE/SKAP ADDRESS QUY OF BOUNDS INTEREUPT
coCin (M=Memary Processcr only)

This bit 1is set when 3 WRITE or SWAP operation is attemrted and
the Field Address (FA) register setting is either iess than the

Base Register (BR) setting or greater than or equal to the Liamit
Register (LR) setting. This Bit, when ons, 1is also reported in
ANY . INTERRUPT.

FIELD LENGTH CONDITIONS CFLCN) BEGISTER

All conditions are based upon comparisons bDetween the 16 bits of
the FL register and either zerc or SFL» which is the cofrre-

sponding {ow=order 16 bits of the Scratchpad S08.

INJERRUPT CONCITIONS (INCN) BEGISIER
M=Memory Processor only)

NO DEVICE is true if an interrupt message is present in the
dispatch buffer for a port or channel which does not have a
device attached to it. This condition is normally cleared by the
processor with a DISPATCH READ AND CLEAR instruction. It is also

reported in ANY INTERRUFT.

HI PRIQRITY is true if there is a high=pricrity message present
in the dispatch buffer.

INTERRUPT 4s true if there is a message present in the dispatch
buffer for the processor. This condition is normally cleared by
a DISPATCH READ AND CLEAR instruction. It is also reported in
ANY. INTERRUPT.

LOCKOUT 1is true if the interrupt system is locked (marked as *"in
use™).
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BEGISTER DESIGNAYIONS AND AREAS OF APPLICATICN

The following is a‘list’ arranged by areas of application, of
registers and their associated designations.

MICROINSTRUCTION CONTROLS

A (Microinstruction Address)

M {Current Microinstructian)

TAS (Top of Address Stack)

TOPM (Logical Top of M=Memory)

MBR (Microinstruction Base Register)

GENERAL PURPOSE CONTROLS

- <%

S=-MEMORY CONTROLS

BR (Base Register)
LR (Limit Register)
FA (Field Address)
FU (Fijeld Unit)

FT (Field Type)
FL (Field Length)

CP (Control Paraitet)

INTERRUPT CONTROLS

ceC
(9]
INCN

PARALLEL WIDTH CONTROLS

e
cp
CPL
CPU
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QRGANIZATION OF EIELLCS AND SUBEIELDS

The

register fields
structured dsta

following is

€1 C 8IT(24),

02
02
Q2

02
g2

gdescription of

the organizaticn of some

and subfields» expressed in the notaticn of MIL
declarations.
01 F BIT(48),
CA BIT(4), 02 FA BIT(2%),
CB BIT(4)» 02 FB BIT(24)»
CC BIT(4%), 03 FU BIT(4)>
CD BIT(4), 03 FT BIT(4),
CP BIT(8)» 03 FL BIT(186)»
03 CYF BIT(C1)» 04 FLC BIT(4),
03 CPU EBITC2), 04 FLD BIT(4)»
03 CPL BIT(S)5 04 FLE BIT(4),
04 FLF BIT(4);
does not exist as a comxposites
only a3as subfieldse.
g1 L BIT(24)» 01 T BIT(24),
02 LA BIT(4), 02 TA BIT(4),
02 18 8IT(4), 02 T8 BITC4),
€2 LC BIT(4), 02 TC BIT(4)»
02 LD BIT(4)» 02 TD BITC&)»
02 LE BITC(4), 02 TE BIT(&),
02 LF BIT(4); 02 TF BIT(&%)>




9-1

BURROQUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP 818G0/81700 MIL

SANTA BARBARA PLANT P. S. 2212 5298 «(E)

MIL STATEMENTS

Below is a list, categorized by function, of MIL statements faound
alphabetically in the following section.

Compiler Coamandss .
ASSIGN FINI PROGRAMJLEVEL TITLE

FALPOINTS PAGE SUBL.TITLE
Declaraticnss
DECLARE DEFINE.VALUE MACRO RESERYE.SPACE
DEFINE LOCAL.DEFINES MICRQO TABLE
Manipulations
ADD SCRATCHPAD #«0ISPATCH NOP SHIFT/ROTATE T
AND EOR NORMALIZE SHIFT/ROTATE X/7Y/XY
BIAS EXTRACT ar STORE
CARRY HALT POINT SUBTRACT SCRATCHPAD
CLEAR INC READ *SHAP
COMPLEMENT LIT RESET WRITE
COUNT MONITOR ROTATE WRITE.STRING
DEC MOVE SET XCH
Program Branching:
BEGIN CALL.EXTERNAL EXIT JUMP
BRANCH.EXTERNAL ELSE G0 TO SKIP
CALL : END IF TRANSFER.CONTROL
Program Loadings
ADJUST LCAD *M . MEMORY BOUNDARY
ADJUST ADDRESS «LCAD. MSM REDUNDANT.CODE
CASSETTE LOAD.S MEM S.MEMORY.LQAD
Segmentations
CODEL.SEGMENT =JVERLAY
EMIT.RETURN.TOLEXTERNAL SEGMENT

MAKE.SEGMENT.TABLELENTRY

» Available on B1720 systeas anly
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ADD SCRATCHPAD

JYNTAX:

ADD=====scratchpadeword=====T0 FA=====>|

SENANTICS:

This instruction adds the Lleft

half

of

9=2
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AT AR R R R Rk E N
* ADC SCRATCHPAD =«

LA A E R RS EE RS2 E RS SR

any scratchpad word

{(SO0A...515A) to the Field Address (FA) register. The resutt is
placed in FA5 the contents of scratchpad.word remain unchanged.

(See also: SUBTRACT SCRATCHPAL.)

EXAMELE:
ADD S9A TO FA
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ADJUST

2 A X2 B R 2 X 2]
* ADJUST =

R kkkkRttd

hﬂJusT LOCATION TB-‘;-Q-‘------.--—--—-_-‘----;--literai----)'
J===LOCATION======PLUS===>1
1 i
1 L
[o==MINUS==>}
i i

‘--- - ---o)i

SEMANTICS:

This pseudo=operation adjusts the physical.code.address of the
compiler. The value of the physical.code.address specifies the
Location (control memory address) into which the next generated

sicroinstruction is to be placeds, generally by a user=develaped
loader. (See also Segmentation: Label Addresses.)

LOCATION PLUS(#) or MINUSC-) incresents/decrements the
physicatl.code.address by the value of the Lliteratl. If ¢this

option is not useds the the physicalecode.address is set to the
value of the lLliteral. :

The literal MOD 16 must have a value of 0.

NOTE: This instruction is generally used te compensate for
disppsabie toader routinese

EXAMPLE:

ADJUST LOCATION TO 3100s
ADJUST LGCATION TO LOCATION & 32
ADJUST LOCATION TO LOCATION MINUS 128
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ADJUST ADDRESS

A 22 R SRS REEEREEZER S 2

* ADJUST ADDRESS «

L2z R 222 S SR EEER LA E

SYNTAX: ,
ADJUST ADDRESS 7O MOD====={iteral==—====BITS~==ccce==>y
' 1 L

t===MICROS-==>1
SEMANTICS

This statement, when specified, will insure (by padding with NOPs
where necessary) that the next aicro instruction will reside at a
code address whose yalue mod literal is equal to 0. This state=-

ment is useful for alignment of a micro loop on a particular
S=Memory boundary.

If the BITS option is useds then, if necessarys the titerai will
be rcunded down to the nearest 0 mod 16 value.

EXAMBLES

ZLABEL "A™ WILL ALWAYS RESIDE ON AN EVEN BOUNCARY
z .

ADJUST ADDRESS TC MOD 2 MICROS
A INC TA BY 1
GO TQ A
ADJUST TO MOD &4 BITS
is equivalent to:

ADJUST ADDRESS TC MOD & MICROS

9=4
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AND

LA B R K2

* AND «

LE S & 3 & X 4

SYNTAX:

AND===sourceesinkeregister==<-WITHe==-==sgurce.register======>{
’ } i
l==literal====c====>]

SEEANTICS:

This instruction logicaliy ANDs the contents ¢f a 4=bit source
and sink (destination) register with the bit configuration of the
Literal or the contents of a #=-bit source register. The result
is placed in source.sink.register; the contents of source.reg-
ister remain unchangeds, unless it is also a sink register. (See
alsos CR and ECR.)

The register may be any of the followings

sourcee.sink.register sgurcee.register
CA CB +CC 0D any sourcee.sinke.register
FT FU . 8ICN
FLC FLD FLE FLF FLCN
LA L8 LC LD LE LF INCN C(available ¢cn 31720 only)
TA T8 1C 1D TE TF PERR (availabtle on 81720 anly)
TOPM (avaiable on B172C only) §Y§¥
Y

=+ CC and CD represent processor interrupts and flags

a,

The Literal has a decimal range from 0 to 15.

9=5
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SEBANTICS copts
TABLE 8-1: ANC Truth Table

[repeaepeapeanrgapee T2 T T T PR PP TR TSP R L R R R L L LR P L E LY LR R L L E L E X L Y K FT T T ]

! Sgurce & Sink 1 Literatl 1 Scurce & Sink 1
1 Register i ' Source Register 1 Register i

'-------—.------‘----O---'-~'-.--.--Q-----------'--‘---------..-l

1 0 T AND 1} H ! Yields 1 0 1

l---------‘-'---"----"‘ - - - --'- --‘---!‘--------------‘

1 ¢ 1 AND 1} 1 1 Yields 1 0 i

‘-------‘------’]‘-..‘-“------------"--‘------‘----‘----------l

i 1 I AND 1} 0 I Yietds | 0 1

‘-‘-‘-'---‘.----‘_-‘----'_--“-----.-l---'------'--------‘-C_---‘

i 1 1 AND 1 1 1 Yields 1 1 L

T Y XE Y R R Y BN 2 2 P 2 L W B L B R B E L R X B E B T R X B A B E L L B L 3 T 3 L T L I L K B 2 L R X L L X L 2 F 3

AND T8 WITH 3

LY R X R TR R ¥ WL B A P L T X L £ X & 0 2 1 R T K X X 2 L E L L B L 2 LA K K 2 L 2 J

1 TA 1 78 1 7 1 10O ¥+ TE v TF 1}

1 T 1 0000 % 10210 § 1111 1 0011 % 0001 1 0010 t before (0AF312) 1}

‘ -——- l ------l ‘-----’ -.----t‘----- ‘ ------l -----“ ---—-------—-----"

1 I == 10011 4§ == 1 == 1| == ] == 1| literal (3) ]

l eee ’ ------‘ ceoease 'co--“l oecaese ' ----ul------. ‘----—----------c‘

1 T 1 0000 § 0010 ¢t 1111 1 0011 § 0001 3 0010 | after CO02F312) 1

T PR P R PR PR Y Y P Y LT YL LY LA F X L X 2 2 X ¥ F 2 F X L 2 B L K A L R L B L A A A N T X T 3 2 T ]

;ZEMMMMM
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ASSIGN
LA E 2 RS &R
*+ ASSIGN =

Ea A L E R RS & 4

SYNTAXs

ASSIGN==<=<ARCHITECTURE « NAME ==~
L

J===COFPILERLLEVEL=====e = e=={jteraleceeccccccacccay]}
L ] L]
b ===HCPLEVEL======>] H
1 ' . , 1
‘,
1
i

1]

==="character.string®=========>|

t===GISMO.LEVEL====>]
] :
I=-==ATTRIBUTE literal AS identifier=== = ==eccca(e==a>

i i
1 cmmew>]

SEMANTICS:

This statement assigns values to the various interpreter verifi=-
cation attributes. These attributes occupy fields in the IPB

(Interpreter Paraseter Block) of atl MARK IV.1l and later inter-
- preters. They are accessed at BOJ (Eeginning of Job) time by the

MCP and are used to verify that the proper interpreter has been
chosen.

The character.string for ARCHITECTURE.NAME gust be a string of 10
or fewer characters» and must be enclosed within quetation markse

Literal has a decimal range from 0 io 255 for COMPILERLLEVEL,
MCP.LEVEL, and GISMO.LEVEL; and from 0 to 79 for ATTRIBUTE.

EXANELE:

ASSIGN ARCHITECTURE.NAME = “GISM0.26"
ASSIGN MCFPF.LEYEL = 197
ASSIGN ATTRIBUTE 64 AS ITEM.01=1
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e BEGIN

LB S S B EEE S

« BEGIN .=

& % de k& & o deir

SYNTAX:

BEGIN======== block.naae =====>1
1 i

,------------)l

SEMANTICS:

This statement is paired with the END statement to combine MIL
statements into logical blockse If the BEGINJ/END block is narmed,
the MIL program listing will reflect the first ten iletters of Zhe
blocke.name on every Lline of the blocke. {See example in the
Programming Techniques section).

The BEGIN/END btock is useful in an IF statesent when more than
ane statement is necessary following 3 condition.

EXAMPLE:

IF condition THEN -
BEGIN TRUEL.CONDITION

-

| END TRUE-CONDITION

} ELSE
! BEGIN FALSE.CONDITION

END FALSE.CONDITION

BEGINJEND blocks may be nested tao fifteen ievels, meaning that no
portion of a MIL progras may reflect more than fifteen BEGIN's
without aatching ENB's‘ : -

SEE ALSO:s END stateaent and LﬂClL.DEFINES statesent
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EXAMPLE:
3LOCK
NESTING
LEVEL

L R L X X X X 3

BEGIN BLCCK.1
BEGIN ANOTHER.ELOCK

-

BEGIN INNERMOST.BLOCK

-

END INNERMOST.BLOCK
END ANOTHER.BLOCK

END BLOCK.1

€3 satd NN WWINN NN Mo OO

o e b
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BIAS

A A RS SRS

* BIAS =

khkEXRXXXR

SYNTAX:
BIAS BY=====c|N]T=eeccscnssccaccaccccaaccrcacanaeccaammnaanaaeaa)]
| ! 1 1
e e 3 J===TEST==>1
i 1 | i
] t===AND=====5e==>] i
1 1 | 1
! l===CP==>} !
] 1
===S=memecemcccmccacacaccacnaaaa> ]
1 1 | ]
! | ===AND F==>1 !
1 1
jo==CP====e=e= cesemmceccccamaaaa >1
| i
1===AND F==>1
SEMANTICS:

This instruction sets the Control Parallel Length (CPL) register
and the Control Parallel Unit C(CPU) register to values calculated
from the given aoperands.

NOTE: All references to register S refer to the SFL or SFU
partitions of the scratchpad S03.

The CPU register will be set to 1 if the value ¢f the the Field
Unit (FU) register is set to & cr 85 otherwise CPU is set to 0.
This is done for all variations of BIAS except BIAS B8Y S, which

sets the CPU registgr from SFU rather than from the FU register.

BIAS BY ... sets the CPL register equal to the smaller of 24 and
FLs or 24 and SFLs or 2% and FL and SFL» oar 2% and CPL and FL»
depending on the type of BIAS statement. BIAS BY UNIT sets the

CPL register equat to the FU register (4 for 4-bit decimal, 8 for
8-bit decimal, or any other value less than 16 for binary)l.

If the TEST obtion is dSéthbe'above actions are performeds and
the next aicroinstruction is skipped if CPL has not been set to
ZefTle ) “7',‘: ST e c
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EXAMBLE:

BIAS BY F This instruction sets the CPL register to 24

or to the value of the Field Length (FL)

register, if it is less than 24. it also

sets the CPU register equal to the wunit in
the FU register.

8IAS BY F AND CP This instruction sets the CPL register to 24,

to the value in the FL register» or tg the
value 1in the CPL register, whichever is the

saallest. It alsoc sets the CPU register to
the unit in the FU register.

8IAS BY UNIT This instruction sets the CPL register equal
to the length of the unit of the type speci-
fied by the FU register. It also sets the
CPU register equal to one unit of the type
specified 1in the FU register, i.ee.s 4=bit
decimal, 8-bit decimal, or binary.

NOTE

In all cases exceot UNIT, CPU is set to 1 i+
FU Cor SFU) is & or 8 otherwise CPYU is set

to 0. If UNIT is specifieds CPL is set
directly to the valug in FU.
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BRANCH .E XTERNAL

P 3 XX ¥ LR & & B X R R ENEI ey

« BRANCH.EXTERNAL*

L B X 27X 3 '**'*t’*t*'*'
SYNTAX:

BRANCH.EXTERNAL====TQ-==={3bal=====>]
SEMANTICS:

This instruction transfers control to the external segment loca-
tion specified Dy {abel. (See: Segmentatian.)

Label must be associated with a run tieme address that has a
displacement fros the BRANCH.EXTERNAL instruction of less raan
4056 micrcinstructions.

NOTE: If an external segment does not exist because SND
EXTERNAL has been specified, BRANCH.EXTERNAL is equiva-~
lent to GO TO.

EXAMPLE:

BRANCH.EXTERNAL TO EXTERNAL.SEGNMENT.LABEL
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CALL
ARRE RO
* CALL =
REA A REAN

SYNTAX:

i i :
i i
SEMAKTICS:

This instruction stores the address of the next wmicroinstruction
in the A stacks then branches to the location specified by latela

The Llocation specified by the label may be a maximum of 4095
gicroinstructions away from the CALL instructione

EXAMPLE:

CALL M.IN.OUT
CALL +aABC




PSR S R e et -~ . J—

S=14

BURROUGHS CORPORATIGON COMPANY CONFIDENTIAL
CCMPUTER SYSTEMS GRQUP 81300/81700C MIL
SANTA BARBARA PLANT Pe Sa 2212 5298 (E)
CALL.EXTERNAL

22233322331
* CALL.EXTERNAL «+

2 E B LSRR EXREREEE 2

SINTAXS
CALL.EXTERNAL====<=label=====>}
SEMANTICS:

This instruction stores the aderess of the next microinstruction
in the A stacks, then branches to the external segsent location
specified by label. (See: Segmentation.)

Labet must be associated with a run tiame addréss that has a
displacement from the CALL.EXTERNAL instruction of less than 4096
microinstructionse.

NOTE: If an external seguent does not exists because 3NO

EXTERNAL has been specifieds CALL.EXTERNAL is equal to
CALL.

EXAMBLE®
CALL.EXTERNAL BEGINNING.OF.LOOP.1
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CARRY

2222228
* CARRY =

Akt d

SYNTAX:
C*RRY-------e----~.--------4---- L X -)’
i §

i !

H !

i==<DIFFERENCE==>1
SEMARTICS:

This instruction sats the CYF (CARRY) bit in the CP register to
either 0 or 1. Since CYF is an input to the 24=-bit function boxs»

this instruction should be used in wicrocoded arithmetic rout-
ines.

CARRY 0 or CARRY 1 sets CYF to 0 or 1» respgectively.

CARRY SUM sets CYF to the value of CYL (one of the outputs from
the 24-bit function boxe.

CARRY DIFFERENCE sers CYF to the value of CYD (another output
from the 24-bit function box)de.

The CYD bit, unlike the CYL fegister, is not conditioned by the
CPL register. Alt 24-bits of the X and Y registers are coapared

~ when setting CYD. If the value of the CPL register is less than

24, then the value of the high ordesr bits of X and Y registers
should be knowne. '

f X>Y 1 X=Y ANB CYF=0 {§ X=Y AND CYF=1 1 X<Y |
Yo = 1 ¢ 1 . G B | 1 t 1 1

BHVGBE VO ODNG OO OBV CAV VDDA WWE DM EGD S S W S

EXAMPLE: See Exaqplé of 3 MIL Program in Prograaasing Technigues
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CASSETTE

ARkttt r

« CASSETTE »

FRREEREEIRTER

SYNTAX:

cassattz--;--srAar----- -—-- I
J===STQP====e=memmeccccmcaccccanaccacas>]
t 1 1
1 J===NHEN X======fQL Y=======>]
1 i P 1
1 1 1-==NEQ Y===>1 1
' } !
r l===HHEN FA=====EQL BR======>]
i i |
1 1--NEQ ER==>1 1|
I i
t=—REWIND=====c-emccecmccccccacccacaaaa]

SEMANTICS:

This instruction causes the system cassette tape to start or step
@ READ operation at the next inter—-record gage

The relation "FA ECL/NEQ BR*™ is not avaitabte cn 81700 proces-
SOf S .

The information read from the cassette is loaded into the U
register and reaains there for 3 maxisum of two clock cycles
before the U register is clearede. '

e

The REWIND cption is implemented an M5 and later processorse. If
used on an M5 or M6 processor the tape must be stopped first, and
then wait of at least 100 ms before issuing the rewinde

EXAMPLE: | SR .

CASSETTE START S
CASSETTE STOP WHEN X EGL Y

R
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CLEAR

LR A 8 R & 2 8 X J

« CLEAR =

LA S S R R R R K

SYNTEX:
CLEAR---‘--'-‘--GCACHE‘.‘--------m---‘---------- ------ ----)'
1 1
$ 1 1
: H
l===gcratchpadeword==-|
SEMANTICS:

This instruction sets the specified register(s) or 24=bit
scratchpad word{(s) to zero.

The CACHE option is not available on 81700 pgrocessors.

The following may be cleareds

register scratchpace.word -
A S0A

BR LN R J

CA CB =CC +CD CP CPU S1SA

FA FB FL FT FU

“FLC FLD FLE FLF soB

LA LB LC LD LE LF cee

TA 18 TC 70 TE TF TAS $158

TOPX (available on.81?20 onty)

#* CC and CD represent processos interrupts and flags .
Each register clear takes one clock cycle’ each scratchpad word
takes tuwo clock cyclese
NOTE:  NOYE NULL TO register will be geﬁerated for each register

or scratchpad specified on B1710 systems» and for atl but
" Ls Ts X» Ys FAp» FLs FU, and CP on the B1720 systess.

EXANPLE:




BURROUGHS CCRPORATION
COMPUTER SYSTEMS GROUP

SANTA 3ARBARA PLANT

CLEAR S51CA
CLEAR BR L CEB S4B TOPM fFU

: . s’ i i i S i i i - i i

9-18
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X2 A MICRO IS GENERATED FOR EACH
T REGISTER OR SCRATCHPAD
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CODELSEGKENT
LA R 2 R & X R 2 X R TR R
* CODE.SEGMENT =
LA A AR R REE R FE
SYINTAX:

CODE. SEGNENT=====f ghal ~====>}

ANTICS:

See Segmentations CODE.SEGMENT
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COMPLEMENT

LR SRS SR SRR R

| * COMPLEMENT =

L EE 2 B2 LS SRR SRS

SYNTAX: i
| ) '
E ] |(remswcccsccacsvcvavcacsccanas] i
11 13

l====AND===register (titeral)=--i
SEMANTICS:

This instruction COMPLEMENTs (switches the state c¢f) the speci-
fied bit(s)e. By using the optionss more than conrne bit in any one
; register can be coapiemented with the saze instructien if ALL
: ‘:y BITS are in the SAME 4-BIT REGISTER. (See also: SET and RESET.)

The register may be any &-bit source an¢ sink (destination)
register balows?

CA C8 CC €D (CC and CD represent processor interrupts and flags)
FT FU

FLC FLD FLE FLF

LA LB LC LD LE LF

JA 1B TC TD TE TF

TCPM (avaiable on B1720 only)

It may alsc be the FL, FBs Ls or T registers all bits sust then
be in the same 4-bit subfield.

The literal has a2 decimat range from 0 to 3 for a &4=-bit registers’
from O to 15 for the FL register’; and from O to 23 for the FB»s

L> and T registerse.
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It should be noted that most registers can be addressed in either
of two ways: .

LA L3 oLe LD LE LF
10 310 310 3 1012310 3 10 3 1

‘ ) ’ seeeesees l --------I --o--n---l cooeoeamee ' ----------'

1 Qeeed | & 7 1 Beeoll 1 12...15 1 16 19 | 20... 23 1

--‘ LA R A K B A L A B & 2 X 2 R L ¥ X 2 T T X L 3 ' - '------‘-- D -G AD Gh GPED G5 45 NS R @B S0 N W TR @

1 1 1
1==> LC(0) LCCO)Y <==1 i=-=> L(13)
ofr or or
LACO)D LC12) LD(1)
EXA¥BLEL:

CCMPLEMENT LDCG) AND L(13)
1A LB Lc LD . LE LF

L 1
1
L 1
1

0001 ! €010 1 0011 1 1000 § 0101 2 0110 ! before (123858) 1|
‘-'--..!--‘-‘-l--‘«" - "“ l-—--“’ - S W - - i
€001 § 0010 1 0011 ¥ 0100 1 0101 ! 0110 1 after (123456) 1

i 1 111 1 ] ] ]

-“------‘-“‘-‘.------" ' L KX A X L L L X 2 L X L R L XL L R T L ¥ 2 L X ¥ ¥ ¥ T ¥ 1

¢ 3 4 7 8 11 1) 15 16 17 18 23
it
LBLC) <==it==> L(13)

COMPLEMENT TACO) AND TEC1): These are not presented because the
bits are in different 4-bit registers. This statement is invalid.
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COUNT
RN
* COUNT =

LS & RS S 5

This instruction increments or decrements the designated regis=—
ters by the value of the Literal or the contents of the Control

Paralled Length (CPL) register. Howevers if the value cf literal
is 0» the value contained in the CPL register is useda

If the FA register is counted downs it may pass through 0 (f.ee.»
if FA=0 and is counted down by 1, it will be set to AIFFFFFFI).

Houwevers FL cannot be counted down below C.

If either the FA or FL register overflowss Wwraparound tg or
through O willt occur;s 8eger if either is equal to the maxinmua
value it can contain and is counted up by 1, it becoEes equal to

-

The £i£efal has a saxizusm décilal value of 144,

SYNTAX:
COUNTee=~fA===elPrccecrccncncaccccccccccanecccfYea(Plommcmmccccccaca)]

| N 1 1 i1 H
! i 1=<=AND FL DOWN=<=>} I lI=literalee=cca===s]
i ! I 1 1
i j==00HN=-=====memmcccoccccncna==>] }=BITS=>1{
1 i 1 1
1 1=<AND FLe===<UP=====] |
i : i i i
i 1==00NN==>1 1
! I
l==FlLe=ee|Pocccccccccaccccccnccnccn=a>]

i 1 ! 1

1 !==AND FA OCHN=-=>} l

1 1

1==00KNe=ceccccccscncsccccccwaa>|

1 , i
1==AND FA===lPe=ece=3]
i 1
§1=-00WN=-=>1
- SEMANTICS:

e
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EXAMELE:

FA

FA

FA

COUNT FA UP AND FL DOWN BY 10

L R B LR YA L 2 L A X R XL L P REEREEERERE DL ESELEXE LY EL EELRRELE TP FY

i1 0CCO 1 1001 1 101C 1 0111 J 1111 1 1011 | befcre (Q09A7FB) |

1 ==} == 1 == 1 == 1} == 1 1010 1 titeral & 2A3 i

1 0C00 1 1001 1 101C ¥ 1000 1 0000 & 0101 1 after (Q09A805) |

R A L L R X P YL LR L R XL L LT REL L LR XL P XL 2 X Y )

FL 1 0000 § 0000 1 0000 1 1000 I before (0008) H

i =~} == 1 == 1 1010 1 tliteral = 3AQ i

FL 1 0000 I 0000 1 0000 t QOOC 1 after (C000) i

D P D A WD DD S D G D Sl W S W WE W WS D D WD NI N AR AR AR URGE GR R WD N WS AR D R R R D WD S

is caounted up by decimal 10 {hexadecimal A2» while FL §s

counted down by 8 to its miniaus value.
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¢Ib DeC

I E B XXX & 4
* DEC =

th®kwhkR
SYNTAX:

CEC--source.sink.register=-=8Y¥-=~-=source.register====-cs-o==~c-=y|
‘ 1 t !
I=={iteral====<====>| 1=-=-TEST-=>|

SEMANTZICSS

This instruction cdecrements the contents ¢f a 4=-bit source and
sink (destination) register DBy the value of the literal cr the
contents of a 4=bit source register. The result is placed in the

source.sink.register; the contents of the scurce.register regain
unchanged. (See alsas INC,)

‘:} The register may be any of the following:

sourcee«sinkeregister source.register

CA CB 2CC (D any source.sinke.register

FT FU BICN

FLC FLO FLE FLF FLCN

LA LB LC LD LE LF " INCN Cavailable ¢cn B1720 only)
TA ¥8 7C TD TE TF XYCN

TOPK (avaiable en 81720 ontiy) XYST

= CC and CD represent processor interrupts and flags
The literal has a decimal range from 0 to 1S.

If the TEST cption is usaed and the source.sink.register under-
flous (is decremented below O0» the szallest value it can
contain)s, the next microinstruction is skipped. If underficow
does not occur or if the TEST option is not useds the next
microinstruction is executeds

NOTE: All 4-tit registers count modulo 167 e.gesr if a register
contains a vatue of 0 and is decremented by 2» 1t under~=
flous to a vatue of 14. .

EXAMPLES CEC T8 BY 7
o DEC FLD BY LC TEST

NP AP TYREE TEAE TR PEFBAPRRIRIEFRRF L0 2100210
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' : DECLARE

AL AT A AN de N

* DECLARE »

LA E R 2 E X ET BT

SEE SECTION 7-1, DECLARATIONS

RS
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DEFINE
L2 A 22 SRR X
= DEFINE «»
AR AR ATRR
SYNTA&Xs3
i 1
l===string==>1
SEMANTICS:

This declaration assigns 2 nase (identifier) to 3 string of char-
acters. Any subsequent reference to the identifier is replaced
by the string.

String may be a scratchpad name {24 or 48-bit)7 a register names’
a \Lliterals a part of one instructiaon’ an entire instructions
part of which may have been previously DEFINED; or eapty. It
may neither begin with a pound sign (#) nor contain any embedded
pound signse

The entire DEFINE declaration must be contained on cocne cards and
alit DEFINEs must be declared prior toc any executable instruction.

Nested DEFINEs are ailowed up te 13 levelse

EXMMPLE: - |

DEFINE SOURCE.POINTER = S32 Z LOAD F FROM SOURCE.POINTER
DEFINE QOP.RESG = Lg - Z CLEAR OP.REG

DEFINE TEST.OP = 380000032 £ MOYVE TEST-OP 70 COP.REG

DEFINE HINT = CC(323 X HALT INTERRUPT

DEFINE IGNORELHALY = RESET HINT2 2 IGNOREJHALT

PPPRRPEO S
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DEFINE.VALUE
P T R TR TR R S
« DEFINELVALUE =«

A RS EEEEEEERERER

SYNTAX:

DEFINE.YALUE-=--identifier = Literalomomomososososcoonoooeaeaessy
l== # =====literal==>]
1 1

J o = =a>|

SEMANIICS:

This instruction &assigns the value of the constant expression to
the identifier. Any occurrence of the identifier in the progran

is replaced by its assigned value.

? ? DEFINE.VYALUE creates a 24~bit Literat. Values less than zerg are
in 2%s conmplement notation and are 2% bits long.

I1f defined identifiers are wused as Lliterals in the constant
expression» they must be previcusiy defined.

EXAMELE:

DEFINE.VALUE AA = 3503 X VALUE is hex 000050
DEFINE 8 = AA ¢ 1 X VALUE is hex 000051
CEFINE € = AA - 3 X VALUE is hex 00004D

DEFINELVALUE FO3 = 301300103 ¢ & Z VALUE is hex 000006
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DIAG.LOADLCACHE
AR AN RN
* CIAG.LOADLCACHE »
ARRAE RN X AL AR RN
SINTAX:
1 1
1 -===5TQP=====]

SEMANTICS:

For each wmicro following DIAG.LOAD.CACHE START and before
DIAG.LOAD. CACHE STOP, the following instructions will be gener=
atEdo ”

MOVE <parity bit # MNICRO> TO Y
DIAG.WRITE CACHE FROM Y

MOVE X TO A

INC A

MOVE A TC X

This instruction is only available on the B19500 *GEM®* and later
processorse. :
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DISPATCH

RE R AT T KA
= DISPATCH »

AR A S 2 R LR &

(avezilable on E17290 systezs only)

SYNTAX:

DI SP AYCH'——“LDC Keracavsowecacacaaa . ceceeacaeeeass) ]
i ] 1 1
H J===SKIP WHEN UNLOCKEC==>1 1
| ] . H
1 L}
i ---RE‘ D--.------c---c.-------------------)’
] 1 1 |}
1 l===AND CLEAR~-=>1i i
! 1

SEMANTICS:

This instruction  sends a3 message (e.ger an I/0 descriptor
address) from the processor to a device on an 1/0 porte.

Before sending a message to 3 ports the processor should first
atteapt to gain control of the interrupt system with a DISPATCH
LOCK. This is necessary because the interrupt system is shared
by adl ports.

DISPATCH LOCK locks (marks as "in use™) the interrupt systems. 1If
the interrupt system is aiready lockeds the next microinstruction
is skipped. L

DISPATCH LOCK SKIP WHEN UNLOCKED focks the interrupt systes or
skips the next wicroinstruction if the interrupt systesm is
already unlocked. .

DISPATCH WRITE sends a 24-bit smessage to a port. . Before a
DISPATCH HRITE 1is executeds, the L register sust contain the
2h-bit messages the seven least-significant bits of the T
register sust contain the  destination port (bits 17-19) and
channel nuambers (bits 20-23). The contents of the L register are
then stored in the Dispatch buffer (main smemory locations 0-23),
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and the port and channel numbers are transferred to a harduare
register (lispatch register) in the port interchangea The

contents of the L asnd T register remain unchangec.
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SEMANTICS conts

DISPATCH READ transfars both a 24-bit gessage from the Dispatch
buffer to the L registers, and the scurce pert (3 bits) and

channel (4 bits) numbers to the seven least=significant bits of
the T register.

NOTE: I¢ T{23) s found set after a CISPATCH READ and the
source port is an 170 sultiolexor, a main memory parity
error was encountered during the fetch o¢f an 1/0
descriptor address or an I/0 descrigtors or during a
RESULT SWAP operation. In these casess, the massage
transfesrred to the L register will te the address #24 of
the parity error,

CISPATCH REAG AND CLEAR perfores the same as a CISPATCH READ, and
in additions, clears the Interrupt Condition (INCN) register to
all zercs.

Only the least=-significant seven bits ¢f the T register are
invoclved in any DISPATCH operations h:gher crder bhits are ignored
and are unaffected.

If the SKXI? WHEN UNLOCKED option is used with any variant other
than a DISPATCH LOCX, the next=micro instruction is skipgpede.

If the READ.PORT.NYMBER option is used the port number of the
processar executing the aicro is stored into the T register.
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ECHO.ADORESS
Ak Akttt th
«+ ECHO.ADDRESS
(12 B2 2 B 22 REEXREZE X
3YNTAX:
! |
#o== REVERSE =====>1
SEMANTIES:

This instruction is not available on B1700 processorse
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ECHULDATA
AREAREREELELEEN
* ECHOLDATA «
22 R 22 2R R LY
SYNTAX:

1 ]

'-o-- Y --";

: ‘---- T ---"
1 1

| '.--- L nn--‘

SEMANTIES:

This instruction is not available on B1700 processorse
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RAEA AR AT ONREE TR AN LR AR

* ECHOLPORTLADAPTER »

A2 22 AR R EE L RESE

ECHO-PORT.ADAPTER ==== Ljteral === FROM ===== X

SEMANTIES:

Literal must be tess than or equal to 3.
available on 81700 processorse.

‘--

i

1

,--

Y

T

L

--’

This instruction is not
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ELSE

X LN

* ELSE =

FRXERXRAE K

SYNTAX:

ElSE=wm v ncwcvwcnccccacaw=)
H H
je===statement~===>1

SEMANTIGS:

The ELSE statment is used in conjunction with the IF statement to
indicate that a statement is to be executec on a condition False.
For exanpie:

IF condition THEN
statement
ELSE
statement

The statement following the THEN clause will only be executed if
the condition is true. Likexise, the statement following the
ELSE clause is executed only if the condition is fatlse.

The IF statement may also contain a BEGIN/END bleck following the
THEN clauses in which case the ELSE clause becomes part of the
END statement. (Sees END). '

EXAMPLES: |
a. IF conditian THEN be IF condition THEN
statement ' BEGIN
ELSE . ’ ) » B en e
gstatement : - END ELSE
, _ e statenment
Ce IF condition THEN de IF condition THEN
statement _ BEGIN
ELSE , A ves
BEGIN I , END ELSE

END o cos



e e,
R

BURRCUGHS CCRPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP _ 81800/B17C0 MIL

SANTA BARBARA PLANT P. Se. 2212 52%8 (E)

EMITLRETURN.TOLEXTERNAL
AR R R R R R ERRR R AR A TR DR TR
* EMIT.RETURNJTOLEXTERNAL

2 B AR REAREREEREEAEEEREZIEREE X

SYNTAX:
EMIT.&ET&RN.TU.£XTERNAL--------~-----'->l
SEMANTICS:

This instruction causes the compiter to emit the coasmon code
necessary to get tbtack to the ®ain segment frox the external
segment. The compiler automatically emits this ccde when the
first CODEL.SEGMENT statement is encountereda If the prcgraa
requires the code to be emitted before the first CODE.SEGMENT is
encountered» this statement can be used to enmit the code. This
code also includes the return code when the segment is exited for
the last timne. (Sees Segamentation).

BESTRICTION:

This statement cannot be used more than conce in a program, and
cannot be used after the occurence of the first CODE.SEGMENT

statement.
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END

'Y 2X222;
* £ND #
Ak ARk

SYNTAXs:

END--==-= block.name ======= ELSE =======-e- ~=-=>1
1 P ]

l --------c----)»‘ l---'-----)-‘

SEMANTICS:

This statement is paired with the SEGIN statement to coabine MIL
statements into logical blocks. The END statement must have the

same block.name as its matching EEGIN statesent.

The ELSE clause is usec only when neeced as part of an IF state~-
ment. FfFor examples

o BLLCCK
- NESTING
LEVEL MIL STATEMENT

0 IF condition THEN .

¢ BEGIN TEST.TRUE.BLOCK .

1 -

1 -

1 .

1 END TEST.TRUE.ELOCK ELSE

0 BEGIN TEST.FALSE.BLOCK

1 -

1 .

1 .

1 END TEST.FALSE.BLOCK

>

Good programming practice recoasends that BEGIN's and matching
END®*s start in the same coluans while the statements within the
block should be indented to reflect the nesting Level. (See
also: BEGIN and LOCALL.DEFINES)
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O EXAMELE:

IF LDC2) FALSE THEN
BEGIN EMIT.INFC
RRITE 16 BITS FRCM T INC FA AND DEC FL
MOVE X TG S7A
SET CB(1)
.END EMIT.INFO ELSE
MCVE Y TQO S78
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EOR

bR R 2 & 2 E

= EQR =

LA R R 2 8 2

SYNTAX:

EDR=~=source.sinkeregister-==HITH--=====sgurce.register======—=>|
] I

SEMANTICS:

This instruction logically EXCLUSIVE ORs the bits in a &=bit
source and sink (destination) register with the value of the

titeral or the contents of a 4=bit scurce register. The result
is placed in the source.sink.register; the contents of the scur=
ce.register recain unchanged unless it is also the

source.sink.register. (See alsec: AND and GR.)

The register may be any of the following:

"sourceesink.ragister scurce.register
CA C8 sCC =CD s any source<.sink.register
FT FU ' BICN
FLC FLD FLE FLF : FLCN
LA LB LC LD LE LF INCN Cavailable cn B1720 oniy)
TA IB TC TO TE TF PERR (available ¢n B1720 onty)
TOPM (avaiable on Bi720 only) XYCN
o : XYST

#* CC and CD represent processcr interrupts and flags

The literal has a decimal range from 0 'to 15.
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TAELE 8-2 ECR Truth Table
I Source § Sink 1 Literat I Scurce & Sink |
1 Register i Source Register 1 Register i

1 ¢ I EQR !} Q I Yietds 1! 0 i

R et Ea St EEE RSP PR [======cecc]omacccnacannaan i
! 0 I ECR i 1 I Yields 1 1 )
R el Bttt Rt T SRTEEY PR ES i bt EE R T |
1 1 1 ECR } o I Yields 1 1 i
R e Lannt bt EEEE S P S L e

! 1 ! ECR 1 1 I Yields | Q i

LE LA E R EREREREBEEELEELEEIE LRSI ERELEL EEAERESERE L LY X LREELREERERE LD EREEEETERE T LY ]

EQR T8 WITH 3

LA B B X T 2 L 2 T L E L L L X R X L E T L A R X & T X X 2 K X B R X 2 X 3

I TA + T8 t+ TC 1 70 v TJE 1 T7TF 1

i T 1 00GC 1 0101 & 1111 1 0011 § Q001 1 0010 t befcre (O05F312) ¢

I 1 == 100111 == | == } == | == 1 EOR (030000) 1

1 T 1 06000 1 02110 ¢ 1111 ¢ 0011 1 0001 I 0010 1 after (06F312) 1

LR D LA B R R o A 2 L B X B R T L A 2 R ¥ L L 3 K T L X2 XL T L ¥ & 2 X 3 L N E 2 L R L L R L L L L X1 £ ¥ 1



E : i o A e G T T e i e s e s

S=41

t S 2 2 2 5 2 8

* EXIT =«

LA S SRR R

BURROUGHS CORPGRATION | COMPANY CONFIDENTIAL
| COMPUTER SYSTEMS GROUP 31800/81700 MIL
1 SANTA BARBARA PLANT , P. S. 2212 S298 (E)
i
| EXIT
\

SYNTAX:

| EXITmommmmea=a>]
SEMANTICS:

This instruction returns prograe contrcl tc the calling routine
Dy causing the compiler to generate a MOVE TAS TO A operatione

; The top of the A stack (TAS) is movec to the ADDRESS (A) regis-
| ter» wWwhich 1s used by the hardware logic as the address of the
: next sicroinstruction toc be fetched. The tcp of stack pointer is
; ‘:} decresented automaticaliy by the hardware after the move.

NGTEs MOVE TAS TUO A may be usaed instead of EXIT with the sanme
resulte .
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EXTRACT

LA S R 2 S XSRS

* EXTRACT =

A S A L 2 R R XS

SYNTAX:

!

EXTRACT;-'tonstant.exn BITS FROM T (literal)e-==scccccncacccaaa)] -
1t 1 !

i--declared.id FROMN T - e==>] jeaTle==l==>}
H 1 ! i

I==Cliteral)===>1 :--T-->;

joaX==>]

i f

{=oY=a>]

SEMANTICS:
;‘:’ This instruction isolates the specified bits from the T register

and moves them to 3 destination register (L T, X, Y)a If a
destination register is not specifieds T is assumed. T reaains
| unchanged if it is not the destination register.

The value of the following cosbinations may not exceed 24 bits:
| constant.expression &.literalu )
3 CATA.LENGTH of declared.identifier :

DATA.LENGTH of declared.identifier #* titeral
DATA.LENGTH of decdared.identifier # DATA.AOCRESS of declared.identi fier

NOTE:

If the starting bit for declared.identifier is not specifieds .its
DATAL.ADDRESS is usad.

EXAMPLES: e
3. EXTRACY & BITS FRON T(20) TO L
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E. CODE MEMORY
ADCRESS
DECLARE
0000001 01 STUFF REMAPS BASE.ZERO BIT(24),
£00C0930] G2 ITEM.1 BIT(4),
£000004] 62 ITEM.2 BIT(127)»
£0000101] 02 ITEM.3 CHARACTER(1)5
8800 S [000003] MOVE STUFF TQ FA
7098 & £000103 READ CATA.LENGTHCSTUFF) BITS TG T
880C 3 {00020 EXTRACT ITEM.2 FRCM T TO X
B244 3 [000303 EXTRACT ITEM.1 FRCM TCO0) TO T
EXAMPLE:
EXTRACT & BITS FROM T(20) TO L
TA 18 TC TD  TE TF

T 1! 0000 1 0001 ! CO11 § 12000 1 1110 1 0100 I before (0138E4) |

- AR A @ A WAl el O A G U G A WD G WD WP R IS GBS WD W) G U G AD ED G AR WD G5 D G A R WD W ap - D GF AN GR WD W AR WL ES W5 ab

T€20)
LA te LC LD LE LF

LA A B L X & £ X L L X L L L 2 3 2 X & 2 K X B R L L X X o &2 L 2 R T L E 2 L L L N K K L 5 R I T 2 X 2 2 2 K L & 2 2 T % 3

L) 1001 t 1110 & Q011 ¢ 1001 1 1111 1 1100 } before (1E39FC) 1

L 1 6CQO0 1 0CO0 3§ ©O000 1 0000 & 0000 3 0100 ! after (000004) !}

S D TS WD 4D WD AR A A D AR DGR AR W ADEN A ER R DA A D 4D AN Ak Gl 6D WS W W WD AN S D N WD WD B AN ED G AR WD Gh W W W

Register T remains unchanged while its four extracted bits are
placed in the L register. The bits are right=justifieds Leading
2erges are addede

NOTE: EXTRACT 0 BITS FROM T(23) TO a destinaticn register amay
be specifed» but the programeer wmust OR into the N
register the nuaber of bits to be extracted. This is
done by doing a MOVE to M (see MOVE statement). Caution
aust be exerciseds, howevers, when ORing intoc the M regis-
ters the wmachine harduare instruction requires the
right=bit pointer for the extraction fieldr not the lefte.

The hardware also indexes the T register from 1 to 24,
left to rights not 0 to 23. :
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FALPCINTS

KA Ak RE R R TR
* FALPOINTS =

tE 2 A E R EL N RS &.XJ

SYNTAX:
SEMANTIES:

This pseudo<-operation dsoes not generate any ccde. It merely
inforas the compiler of the current cocntents of FA. This infor-
mation is then used when compiling the POINT cecnstructs in the
READ» WRITE and POINT instructianse.

: The FA.PCINYS and POINT FA censtructs are provided sc that the

| ‘:> user may symbolically reference the memory structures declared in

| g2 declaration statemente. Such references will show up in a
cress-reference {isting and can coften resuit in automatic code
changes when the declaration changese.

EXAMPLESS
CODE MEMORY
ADORESS
DECLARE
01 STRUCTURE.

£Qegoocol 02 DATALA BIT(10),»

{00000Q1 02 DATA.B CHARACTER (20),

£C0Q00Al 02 DATA.C FIXED;

FA.POINTS TO STRUCTURE
POINT FA TO DATA.A
7104 3 (000001 READ DATA.LENGTH(DATAL.A) BITS TO X POINT FA TO DATA.C
7818 3 [00010] WRITE DATALLENGTHCDATAL.C) BITS FROM X POINT FA 1O
STRUCTURE
06AA 3 [000201
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0 CODE  MEMQORY

ADDRESS
CECLARE
[cceocol 01 STRUCTURE
£ceecanl C2 NEWe.y BIT(2),
fecegczl 62 DATA.A BIT(10)»
[ecegcocl 02 DATA.B BIT(30),
£0000241 02 DATA.C FIXED
FA.POQINTS TO STRUCTURE
0622 3 [0C00C1 POINT FA TO DATA.A
71QA 3
0638 3 [0CC2013
€626 3 [0CQ301
7018 3
STRUCTURE
06B2 3 [C0G5C1]

T
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[CC0010]1 READ DATALLENGTHC(DATALA) BITS TO X POINT FA 70 DATA.C

£C004C] WRITE DATALLENGTH(DATA.C) BITS FRGM X POINT FA TO
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fr**t**l’t
* FINI =+

At At i

This instruction signals the compiler that the end of the file
has been reachede. It should be the last statement in the source

progran.
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GO TQ=======e==sc=eac=clgbel=====e=>]

G0 TO

SYNTAXS
) 1
l=== ¢ ==>}
i |
lo== = ==>]

SEMANTICS:

This instructicn
Labele.

COMPANY CONFIDENTIAL
B1800/B17CQ MIL
Pe Se 2212 52%8 (E)

AR SRR EEZ

* GO TQ «

tE S R R B K 3 4

transfers control tc the location specified by

Label must be associatec with a

displacemsent frce
microinstructionse.

EXAMPLE:

GO TO SORT.ROUTINE
GO TC -1L00P.1?

GO TO #+1L0CP.2

the

GO T4

run time
instruction

address that has a
of Lless than 4066

e i ke S e o O G S’ i R T Wk
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j HALT
| 22222 2]
| o HALT =
5 L2 2R3 XX
SYNT Xz
HA‘_T--—‘-------‘-QCQ --'-->l
| SEMANTICS:
1 This instruction brings the prccessor to an orderly halte. The

; settings of the register select dials determine the register
| displayed.

| Pressing the START pushbutton on the system Console will cause
‘:% the praocessor to again tegin executing micrcinstructions. If the

STEP/RUN switch is in the STEP positions only cne aicroinstruc-
tion is executed.
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IF

Y2222

* [F =

EERRRN

SYNIaX:

FORMAT 13 CONDITICNAL PRUOGRAM CGNTROL

’<----‘---------OBR‘------.’---’

| oo e cceccec AN ==}

; ] I

| Ife<eee=ccc====register (literal)---=-=====—w-===THEN=-=-statement=>
11 1 i1 I
1 ==NOT-=>i ! 1=TRUE==>1

| 1 . ! I-FALSE->1

| l===condition==~==ce=coceecccc==>]

| e LSS >

| 1 i

]

| ==<fLSE~===-ststeaent====>1}

FORMAT 2: CONDITIONAL CGMPILATION CONTROL

"-n---—-.OR-cnc...----—'

‘(----a---‘"ﬂ---n--oo."l

! ' ]
IF‘----.----Q-.odule.option--o--oo--------TﬁEN INanDE statesent==>

¥ ] ] 1

1=-NOT=>1 §=TRUE===>}

1 -FALSE~-->1

! i
{=<ELSE===-statement——>1

NOTES:  Statement may atso be a BEGIN/END pair; see also BEGIN,
END» and ELSE.

If TRUE or FALSE are not-speciffed"then TRUE is assumed.
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SEMANTICS:

EQRMAT 13 CONDITICNAL ERCGRAM COMROL

For the register (literal) case the instruction will test Bit(s)
for TRUE (one) or FALSE (zero)d. If the test condition is met,

the specified statement is executeda. If the test condition is

not sets, a branch around the statement is taken, and if an ELSE
clause is specified then that statement is executeda

Laegical operators are valid on the registers imamediately
following the If» a3s long as all bits related are within the same

4=bit group: *»IF TC0) AND T(3).." is valid while "IF T{(2) AND
T{li4)aaea™ is Note NOT lcgic is agpplied only tc the bit imme-

diately following it.

The register mwmay bLe any 4&-bit source and sink (destination)
register Lelows .

C# CB CC CD (CC and CD represent processofr interrupts and flags)
FT FU

" FLC FLD FLE FLF

LA LE LC LD LE LF

TA T8 1C TD TE TF
TOPM (avaiable on EB1720 only)

The register may also be the FLs, FBs Ls or T registers all bits
nmust then be in the same 4-bit subfield.

EXAMPLES:

IF CAUQ) AND CAC3) THEN MOVE X TO Y
ELSE MOYE Y TO X

IF TCSEXJISJMALE) THEN
BEGIN i
' MO¥E X YO Y

SET L(FOUND)

END ELSE
CALL SPECIAL.GENCER
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The following are valid

- -y

D N LA BN e B Bl SED Lus BOP Gul BNt SEB U W GEN M MEE e WES W NS GNS WU WS N0 Ges GBS SeE  BeR ame  Wme Rk e

l--o

conditions of the IF statement:

X ecawcew , = weseeccccene (| eeceecescccase -----)i

} === EQL ===>1 1 i i
J=~= NEQ ===>{ Jewa ¥ e=w>] i
i i
¢ emewmecccscacfeamcmcamacae=>]

=== GTR ===>|{
jJoe= > aewa>| i
fo=e LSS ===>} ]
j=== GEQ ===>1 }
]
i

_? - - e - L2 ¥ L 2 R 2 X 3 o - n wh A AR . e - l

1=== EQL ==-=>] | 1 1
j=== NEQ ===>] [J=== X ===>] I
I | !
I==e (¢ ececcccccccs X <cccccec=e==)|
l=== GTR ===>1 1
l=== > ===>}
J=== LSS ===>]
f=== GEG ===>|
l=== LEQ ===>]

- ans G G A

ANY JINTERRUPT ===e==cscccccccccaccccacaca)]
]

Fle=e=eee = eccccececccen (] =ceccecece=>]
1-== EQL ===>1 1 t i
l=== NEQ@ ===>| {== SFL ==>] i

! 1
Jo== ( =e=s=eccccec SFL ====eecee=>]
l=== GTR ===>] 1
jo== > =ea>} 1
 J=== LSS ===>} 1
l=== GEQ ===>] 1
i=== LEQ ===>1} !

1

CYD veeveccccaccmccccccacnacamaccaaacas)]
CYF ====eccaccemcccccccccncenccccacacaaa>]
CYL ==eveecccccccacccccccncnaccccncacaaa)]
LSBX =ee==e=e=- B g

Lsay - >1
[ , : 1

LSUX - cocwawe - ->%
!

asax ] . - W D D T DD W D WD G W D “-)!

PR SR ‘ ]
HI .PRIGRITY evwwwwcecccocssvcacsvcwccnccacaces) i
INTERRUPT ==== >i
NB.DEV!CE hadadiadd ‘ - - woae=d]

SR s w

1

Borrouw OJut Level
Carry Flip=Flop
Carry Out Level
Least Significant
Bit of X
Least Significant
Bit of Y
Least Significant
Unig of X
Least Significant
Unit of ¥
Most Significant
Bit of X
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i j== NEQ =-->1 ¢
§ : !

l.-- BR -c—omceesesecs EQL e acowa FA ----.-----u}l

== NEQ ==>1

Any cosbination of conditions that is containec in onre condition
register can te tested using ANC/OR logic if all bits can be
tested for TRUE C(on) or FALSE (off). For examples the following
are valid conditicnss

CYL AND LSuUY
CYL CR €YD
FL=SFL AND FL = 0
Example: IF CYL AND LSUY TRUE THEN GO TD END
IF CYL OR CYC FALSE THEN GO TO BEGIN

If TRUE or FALSE is not specifieds TRUE is assuxede

Exasple: IF TDC2) THEN GO TO LABLZ

Register TD 8ranch To LABL?7
g101 NG (bit position two is OFF)
1101 ~ NO (bit position twc is OFF)
g111 YES (bit paositiaon two is ON)
0011 » YES (bit position two is ON)

Notes TD(2) could have been referred to as T(14)

The relations *FA EQL/NEQ BRY and "BR EQL/NEQ FA® are not abait-

"able on B1700 processarse.
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EXAMPLE:

The following examples illustrate Format 132 Cenditicnal Progran
Centrol:

IF X = Y THEN GO TO #A
IF T8(1) OR TB{3) THEN EXIT

IF LF(2) THEN
MOVE X TO Y
IF FUC1) FALSE THEN
COMPLEMENT T{(10)
ELSE

RESET FL(S)

IF FLF(3) FALSE THEN
BEGIN
RESET F8(1) AND FE(3)
CLEAR S14A
END

IF LACO) THEN
BEGIN
FOVE TAS TC T
END ELSE
MOVE FA 70 T

IF TDCI) THEN
MOVE L TO X

ELSE
BEGIN
MOVE T 10 X
MOVE SUK TC X
END

IF LA = 14 THEN
BEGIN
MOYE 512 TC X
END

s

EQRMAT 2: CONDITIONAL COMPILATION CONIROL

-

This instruction should be used for conditional inclusion of
code, depending upaon :the setting of a user-definedrs modude.aption

toggle. This module.option toggle is declared and SET or RESET

via a module option 3 carde (See Appendix A2 MIL Compiler Oper-
ationa) . UL ) : L

More than one lodnle.optibn toggle can be tested with the sasme IF
stateaent by'u:ing;anniﬂa togice. If NOT is used in front of any

v
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module.option toggle, that module.option tcggle is checked for
the RESET state. If both TRUE and FALSE are omitteds TRUE is

assuneda.

Note: A conditionad inclusicn-block ®may not be used te¢ include
or exclude a BEGIN statement when the asscciated END
statement is naot part of the blocke.

EXAMELE:
The following are examples of conditicnal inclusion of codes

CODE MEMORY
ADDRESS
$ SET DEB8UG RESET TRACE.PROGRAM
$ SET TRACE.PROGRAN RESET S.MACHINE
Z
X GPTIONS ARE SET AS FLOLLONWS:

y 4
2 DEBUG=TRUE TRACE.PROGRAM=TRUE S.MACHINE=FALSE

b4
IF CEBUG THEN INCLUCE
ECO0S 3 [0C00C] CALL CEBUG.ROUTINE
IF TRACE.PRUOERAM THEN INCLUDE
BEGIN
EQ004 3 £000C101] CALL SAVE.REGISTERS
E0GC3 3 (000201 CALL TRACELROUTINE
ENC
- IF DEBUG ANLC NOT S.MACHINE THEN INCLUDE
' BEGIN
12A0 3 €0003C3 MOVE T TG X
"END ELSE
BEEIN
MOVE L TO X
MOVE T TC SO0A
END
IF NCT TRACE.PROGRAM OR S.MACHINE THEN INCLUDE
BEGIN
HOVE L TO X
MOVE T TQO S1A
END ELSE
BEGIN
E001 3 [G000401 T - CALL TRACELROUTINE
12A0 3 [£00C501 : MOVE T TO X
END

Any of the preceding examples may be nested within any of the
above BEGIN/END pairs up to a maximua of 15 devels. That iss, at
any given time during a8 compilation there gmay be at s=most 15
BEGINs that have not been paired with their respective ENDs.
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INC

Ak vk Ek
* INC »

A BB R R R

SYNTAX:

1 INC--soufce.sink.register--BY--;--source.register--;--;----'---f-;->l
R T
| l==titerale=cemcc=ad| |==aTEST==>1

SEMANTICS:

This instruction increments the contents c¢f a 4-bit source and
sink (destination) register by the value cof the {literal or the
contents of a8 4=-bit source register. The result is placed in the
sogurce and sink registers the contents of the source register
remain unchanged. (See also: LEC.)

The register may be any of the followings

source.sink.register ‘source.register

CA C3 «CC 20D any sourcee.sinkeregister

FT FU , BICN

FLC FLD FLE FLF , FLCN

LA LB LC LD LE LF . .~ INCN Cavailable on B1720 only)
TA I8 TC 1D TE TF XYCN

TCPX (avaiable on 81720 only) XYST

,a_cc and CD represent processor interrupts and flags

The literal has a decisal range from 0 to 15.

If the TEST option is used and source.sink.register overflows (is
incregented beyond 15, the largest value it can contain), the
naxt microinstruction is skippede. If overflow does not occur or
if the TEST coption is not used, the next sasicroinstruction is
executed. .

NOTE: Al &-bdit ragisteré count modu{c 165 e.ge.» if 3 register

"gcontains a value of 15 and is incremented by 2, it over-
flows to a value of 1.

EXAMPLE: INC LB 8Y 7
- INC FLD BY BICN TEST .
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JUuMP

Rkttt
* JUMP =

I E 2 X EE 2R

SYNT2X3
i ] ! 1 i
1 ===BACKWARD==>| l===literal==>| |
1 1
{-==Tg=====- R label=====m===m= >1
1 i ] i
‘ ‘.-- ¥ -‘)‘ !
1 i ! i
1 ‘ coe e as)l ]
i i
}=====ec=<e= PROCESSOR_TYPE ======- S

SEMANTICS:

This instruction transfers control to the designratec location.

The address of label is limited to 3 maxiwmum relative displace~
ment of plus or minus 4095 microinstructions.

The Lliteral has a decimal range from 0 to 4(095.

If Literal is not specifieds FORWARD/BACKWARD causes the coapiler
to generate a JUMP instruction with a dispglacement of zero and a
direction sign of plus or sinus. This is te facilitate ORing the
actual displacesent intoc the M register prior tec the execution of
3 JUMP instructione. (This amethod achieves the same result as a
high level tanguage CASE statement.)

If PROCESSOR_TYPE §s specified one aicro will be jumped con a
8190C "GEM? processCre. .

EXAMBLE:

JUNP TQ ¢L00P.1
JUMP FORWARD 12

JUMP FORKARD
HOVE X TO M

e T e Ao S 7 e 3327 2o i -
b o i e itk ———— i Y At N . il s = s -k
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NGTE: It is strongly recommended that only JUMP FCRWARD or JUMP
BACKWARD without a literal be used ang only where neces=
sary to generate 3 displacement of 2eroe. Use GO T30 for
all ogther usese. :
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A

LIT

drk kX Kk ¥k
* LIT =

L2 B 2R 2

SYNTAX:

cenescap(Yfeweee=]ljteral TO=we=sessinkeregister ~===scccmaca=)|
:---LIT--->: :--°scratchpac.uord-~-—-->:

SEMANTICS:

This instruction @moves a Lliteral ¢to ary sink (destination)
register (except the M register) or to anry 24=bit scratchpad
worde (See alsa: MOVE.)

The 1literal may be any decimal integer from O tgc 16777215, a
hexadecimal number from 303 to 3IFFFFF3» a binary nuamber fron
3(1)C3 to «(1)11111131111111111111111118» cr a character string up
to three characters in lengthe. Leading zergs are not Trequired
unless the actual value of the literal is zera. The value of the
Lliteral should not exceed the maxisum value that the sink
register can c¢ontain;s if less» the zerc fill occurs fronm the
lefte :

Literal moves to a 24-bit scratchpad word generate MOVE literal
TO TAS followed by MOVE TAS TO scratchpadewerde.

PROGRAMMING NOIE

It is recommended that the MUOVE jinstructicn be used instead of
LIT.

EXAMPLE:
MOVE 12 TO L

1 LA 1 LB 1t LC 1 LD § LE 1 LF 1

-—--‘-‘-’--, -ome oo l ceoseen l ocoomeee ‘ --c--a‘c--a--‘ D T T T Y T R R Ry P

1 L J 0C11 1 0000 ! 1001 ¥ 1010 t 0001 1 0011 1 before (309A413) 1

’ -—“ ->w e ‘--’ comee= ! -Q----.! -—weesee l ------’ ---‘--l - - D D A WP - .= - - - ‘

1 {i == ] == ] == | == | == } == 1 LIT C) 1

t Lt ¢g0CC ¥ Q0CO0 1 QO00C ¢t 0000 3} 0000 1 1100 1 after (00000C). 1

LA 2 L X 2 F L B 2 2 4 o F L 2 & 2 P 3 XX XX ¥ L T ¥ I & XX A B L X L A 2 L L 2 X L 2 K X I L B _F 3 L K B L & L 2 2 £ 1 2 1 %



o . : e PR . e e i e S
2 A, L o T e 2 A R e S b2 i O PR SR RS, WP - L 58 TR YU SR S T o FIRESPE R0W o i - . Lo

9=59
BURRUUéHS CCRPCRATICN COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GRCUP B1800/3170C MIL
SANTA BARBARA PLANT Pe Se 2212 5298 (£)
LOAD
AP ERE R 2
= | JAD =
ARk hk®
SYNTAX:

LOAD F FROM=====double.scratchgadewordg=====>]
SEMANTICS:

This instructicn m®moves any 48-bit double scratchpad word
(SCeeeS15) to the Field (F) registere

NOTE: The coapiler will generate twc MOVE instructions for
B171C systense. '

EXAMELE:
LOAD F FROM S11
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LOADLCACHE

IR RS A RS REESS S

* LDADJCACHE =

LB R R REE S EREZL S

SYNTAX:

| | I B _ ]
fe==< STOP <=<==} |J==== WITH VERIFICATION ====|

JEMANTICS:

For each group of four micros fellowing a LOAD.CACHE START and
before a LOADLCACHE STOP» fthe following instructions will be

generated:

MOVE <1st micro> T0O X
BMOVE <2nd micro> 70 Y
(:@ MOVE <3rd micro> T0 T
MOVE «<&4th micro> T0 L
MCVE BR TO M
WRITE CACHE.A FROM X,Y,T,L

The following routine will be gerenatec after each CACHE uéite,
when WITH VERIFICATION §s specified.

MCVE Y TO TAS
MOVE X TO Y
READ CACHE TO X
CASSETTE STOP WHEN X NEQ Y
COUNT FA UP 8Y 16
MOVE TAS TO Y
READ CACHE TG X
CASSETTE STOP WHEN X NEG Y
COUNT FA UP BY 16
MOVE T T2 Y
READ CACHE T8 X:
CASSETTE STGP WHEN X NEGQ Y
COUNT FA UP BY 16
MOVE L TO Y
READ CACHE TQ X
CASSETTE STOP WHEN X NEG Y
COUNT FA UP BY 16
: MOVE 0 TO Y
N MOVE PERP TC X
| CASSETTE STOP WHEN X NEG Y

Ce
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This instruction is not available on B1700 processors.
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LOAD.MSMA

KEXE XU KT R KR XK
* LOAD.MSMA =

2 S EERERES D]

(availakble on £1720 systers onlty)

SYNTAX:

LOAD . MSMA====c=caaSTART====m=ce=ceax >1
1 !
1===STOP====>]

SEMANTICS:

This psaudo=-operation causes the compiler tc either start or stop
prefacing all emitted microcode with the first 16 bits of a MOVE
| 24 BIT LITERAL TO ¥S¥A instructiane.

The 3bove action is required when a microprogram is to be loaded
into control memory from 3 cassette tape while the system §s 1in
the TAPE mode. The action of the hargware while in this mode is
as follaowss

«~READLCOP
READ 16 BITS FROM THE CASSETTE 70 THE U-REGISTER
MOVE U TO N

IF M = FIRST HALF OF 24-BIT LITERAL MOVE, THEN READ 16 BITS
FROM THE CASSETTE TC U

EXECUTE THE MICRC-OPERATCR IN M
CIF M=390003=MOVE 24=BIT LITERAL TO THE CONTROL MEMORY
WCRD AODRESSED B8Y THE A-REGISTER; THEN U, WHICH NOW
CONTAINS THE ACTUAL MICROINSTRUCTION, IS MOVED TO
CONTROL MEMORY ACDRESSED BY THE A=-REGISTER AND A IS
INCREMENTED BY 1)

IF M = CASSETTE STOP THEN
STOP CASSETTE AND HALT PROCESSOR

ELSE
JUMP TG -READLOGCP

No statement between LOAD.NSMA START and 1its corresponding
LOADLMSHA STOP =3y reference any Llabelt which has not been
declared prior to the LUOAD.MSNA STOP.
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EXAMPLE:

The following source code could be useac to enable a microprogran
to be Lloaded from a cassette into control semcry, beginning at
control memory address zero:

MOVE C TO A
SEGMENT ANYNANME AT O

LOAD.MSHA START

(Microprogran)

LOAD.NSNA STOP

MOVE C TO A
CASSETTE STOP
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LOAD.SMEM

KAk EXxE XA RKER
* JAC.SMEM =
ArkAk kT rdhdExh

i L | i
j===STCPe===>] J=ve==WITH VERIFICATION=====>}

SEMANTICS:

This pseudo=instruction causes the compiler to either start or
stop appending each microinstruction with the follcwing instruc=
tions: '

MOVE 24 BIT LITERAL TC X
WRITE (23) 8175 FRONK X
KRITE 18 BITS FRCM X INC FA

These instructicons are requirec when a microprcgrans is to be

loaded 1into main meaory from a cassette tare while the system is
in the TAPE sode. If WITH VERIFICATION is specified then the
compiler will add to the end of the above instructions:

READ 16 BITS TO Y REVERSE
CASSETTE STOP WHEN X NEQ ¥

This instruction will cause the cassette lcad teo stop if X is not
equal to Y.

EXAMPLE:

MOYE 4096 TQ FA - Z START ACORESS
LOADSMEM START
{microprogran)

LOAD.SMEM STOP
CASSETTE STOP

NOTE: The FA must start at a sod 32 value.
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LOCAL.OEFINES

(22 RS RS R R R ERRE RS

* LOCAL.DEFINES =

(22 SRS EER XS R RLES ]

SYNTAX:
LOCAL DEFINES==<=e=wececvccaw=a>]
SEMANTICS:

This statement is provided to allow the use of local definttions
(see DEFINE», DEFINELVALUE, DECLARE» MACRC). Lgcal definitions

are useful in limiting unauthcerized or wunnecessary access of
special purpose definitions ocutside of their only areas of use.
LOCAL.OEFINES», however, does allow cuplicate cefinitions with a
special Local meaning oprobably different from a mcre global
meaning. Thus MIL prograammers should be careful to avoid such
potentialy ccnfusing duplicationse.

A definition which follows LOCAL .DEFINES has that definition only
within the scope of the block in which it is defined. For exam~
ples .

BLCCK
NESTING

LEVEL MIL STATEMENTS

BEGIN LOCAL.BLOCK.1
BECLARE L.1 FIXEL>
LCCAL.DEFINES
DECLARE L.2 FIXED?
BEGIN INNER.BLOCK.1

CECLARE .1 FIXEDS3

LOCAL.CEFINES

DECLARE I.2 FIXED;
END INNER.ELOCK.1

END LOCAL.BLOCK.1

BEGIN LOCAL.BLOCK.2
CECLARE AA.1 FIXED>

-

e €3 Croe N NN b boo ot 0

-

-
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The definition of L.l precedes LOCAL.DEFINES anc may be refer=-
enced outside of LCCALL.ELCCK.1. The definition of Le2 follows a
LOCALJ.DEFINES and may be referenced only within LICAL.BLOCK.1.
The definition of I.1 follows LOCAL.DEFINES of LDCAL.BLOCX.1 and
is within that blocke Thuss, .1 may be referenced only within
LOCAL .6L3CK.1. .

The definition of 1.2 follows LOCAL.DEFINES of INNER.BLCCK.1 and
is within that blocke. Thus» I.2 s Llimited to use within
INNER.BLOCK. 1. The definition of AA.l is not within any block
containing LCCAL.DEFINES. Thus», AA.1l may be used anywhere in the
statements that follows, even outside of LOCAL.BLOCK.2

The previcus exaample was not intended to be a model for MIL
progranmers. It merely demonstrates the effect of LOCAL.DEFINES.
Gocd programming practice is to combine all global definitions at
the beginning of the program anc to coabine all lccal definitions
after the LOCAL .DEFINES following the SEGIN statement of the
tlock te which they are localized.

EXAMPLE:

BEGIN LOCAL .BLOCKX
LOCAL.DEFINES
DEFINEcees
DEFINE.VALUE ...
DECLARE..®
MACRO...

Z MIL STATENMENTS FOLLOW

>®

END LOCAL.BLOCK
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MACRG declarsaticn
tE P R 22 RS REEEERETEREEEE X
* MACRJ declaraticn =

kR Ak bkttt

! 1
! 1

I R e Sutminbe bt | |

B | { i
J=-(=-foraal.parameter=J)=>1|

SEMANTICS:

This declaration assigns a names the macro.identifier, to a
statement list and declares any formal.paraseters that are used
in the statement liste. Any subsequent reference {(see MACRO
raference) to macro.identifier will be replaced in-{line by the
statement Llists and sny formal.paraseters used in these state=-
ments will be replaced ty the actuale.parareters used in the MACRO
reference.

The macro.identifier and the forsal.parageter Llist must be
contained on one tines, and this Line zust be terminated by an
equal sign (=). The macra statement list sust then follows
beginning on the next lines, with cne statement per line.

A MACRO declaration sust be terminated by a pound sign (#),
either at the end of the last statement or in colusmns 6 through
72 of the following tine. For this reasons a statement within a
MACRO declaration aust not contain a pound sign that is not a
part of a3 character.stringe.

The formal.parameter list must be enclosed in parenthéses. A
fornal.parameter asust be a siaple.icentifier and, if there is
more than ones they must be separated by comaase.
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RESIRICTIICNS:

de A MACRO wmust not reference itself recursivelys althcugh
it =®3ay referenc2 ancother MACRO. The maximum {evel to
which MACROs may be nestecd is 10.

De A MACRC may have s maxiaum of 7 fcrral.carazeterse.

Ce A MACRO may have a amaximum of 1C0 statement Llines
(records) in its stategent list.

de A  MIL program wpay have a maximus of 10C MACRO declara-
tionse.

ERQGRAMMING NOIE:

A MACRO is often used as a single statement fcllowing an IF
statement. If the MACRO declaration statenment list cecnsists of
mrore than one statement and the statement list is not bcocunded by
a BEGIN/END pair, then a branch will te aace arounc OKNLY the
first statement when the IF conrdition tests false. Whenever an
entire MACRO statement list could conceivably be used as either
the THEN or ELSE part of zan IF statements the first statement in
the List should be BEGIN z2nd the last statment should be END.

EX2MPLESS

MACRO EXCHANGE(DESC.1» CESC.2) =
BEGIN

LOAD F FROM DESC.t
-LO0P

SHAP.THELF.FIELOLWITH(TESC.2)

IF FL NEQ O THEN GO TG =-LQOCP
END#
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MACRO SWAPLTHELFLFIELD.WITH(FIELD) =

BEGIN

81as BY F

READ TO X

XCH FIELD F FIELD

SHAP WITH X

COUNT FA UP ANLC FL DOWN 8Y CPL

XCH FIELD F FIELD -

KRITE FROM X INC FA ANC CEC FL
END32

NOTE:

The previous MACROs could be refarenced as fallcwss

IF X>Y THEN
EXCHANGE(FIELD.As FIELC.B)

L 25t At O RSN AR & e+ kb e et S M N L e b e o
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MACRC reference
It EE 22 AR EREEESREX X

* MACRD reference =
A A2 2 B Z A RES R RERS X RS

SYNTAX:

MALIrCe i d enti fi O S A e A ARNRER AT NN S S EEwawswe - --n-------c---------)l
i 1
S . i i
}={==actual.parageter==-)=>1

SEMANTICS: ». SN

A MACRO reference 1is replaced in Lline by statements in the
statement Llist associated with the MACRO declaration of

macroe.identifiers and the actual.parameters replace the occur-

rences of formal.parameters used in these statements {(see MACRO
declarationl.

There sust be a one-to-one correspondence between formal and
actual parameterss ie2e» no actual.paraseter may be cmitted or

left empty (blankl)» and the first actual.paraseter replaces the
first formal.parameter declared, etce.

Actual.parameters may be identifierss literalss stringss reserved
wordss single line MIL statements or portions cf statements. In

short, they may be almost anything with the following exceptionss
RESTRICTIONS: Actual.parameters aay not be or contain:

de A coamas Z» Or unpaired parenthesis» unless contained in
3 character.string.

Be An unpairgd".

Ce A label, unless precededs as 2 part of the actual.paranme-
ters By a non-label tocken? jf.e.» ADDRESS (A.LABEL) is a

valid parageter while A.LABEL or #+A.POINT.LABEL is nate
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EXAMBLES
MACRC GET.TACLELDATACTACLELACDRESS, ELEMENTLLENGTHs ELEMENTLIX» REQ)=
BEGIN
MOVE ELEMENT.LENGTH TC X
MOVE ELENMENT.IX T¢ v

CALL SET.SCRATCH.TO.X.TIMES.Y

MOVE TABLELACLRESS TO FA

ADD INTERP.MAINLMEMORY.BASE TO FA

ADD SCRATCH TC FA

READ ELEMENT.LENGTH EITS TO REG
END 2

NOTE:

Which cculd be referenced as:

GETTABLELDATACADDRESS(TABLE.A)», 245 L» X)

Note that TABLE.A is a Label and therefore, could nct De used
alone as an actual.paramseter.

The compiler options SEXPAND and SALLCCDE =3y be used tc show the

sacroe expansion and code in line on the compiler listing (see
Appendix A3 MIL Compiler Operation)e.
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MAKE.SEGMENT.TABLELENTRY

R R R I LI
* MAKELSEGMENT.TASLELENTRY «»

LA A RS RERLEELE SRR REEERER D

SYNTAX:

MAKEL SEGMENT.TABLELENTRY=====e==cemeccoccccacccanaaaa>|
| !

1===VALUE literal===>1
SEMANTICS:

This instruction causes an entry to be written into the segment
name=to-nuater correspcndence tasble which is made 3 part of the
final caode filee This tables together with the segment diction-

ariess can be used for loasd tizme binding.

The format of each entry in the correspondence table is as followss:

1 CORRESPONDENCE.TABLELENTRY BIT(144),
2 CORR.SEGMENTNANME CHARACTER(10)»
2 CORR.EXTERNALLSEGMENT .NUMBER BIT(3)
2 CORRJINTERNAL .SEGMENT .NUNFBER BIT(8)
2 CORR.VALUE EIT(8)
2 CORR.INTERNAL.SEGMENT.FLASG EIT(1)
2 FILLER BIT(33)

If this statement is used immediately following a SEGMENT state-
ment, then the remaining fields are set as follcwss .

CORRLSEGMENT.NAME is set to the name of the internal segment wuith
right truncation or blank fill.

CORRLEXTERNAL.SEGMENT.NUMBER is always set tc the number of the
current external (CODEL.SEGMENT) seguent. If no CODE.SEGMENT

statement has been compiled at a given points the value is zero.

CORRJINTERNAL.SEGMENT.NUMBER is set to the nusber of the internal
segment.
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CIRR.VALUE is set to zero if the VALUE literal 1is not ©presente.
If present, it must not exceec¢ 253,

CORRSLINTERNAL.SEGMENT.FLAG is set to le

If this statement 1is used imsediately following a CODE.SEGMENT
statements or prior tae the occurence of either a CODE.SEGMENT or

SEGMENT statement» then the resaining fielcgs are set as followss

CORR.SEGNENT.NAME is set to the name of the external (CODE.SEG-
MENT) segment», with right truncation or blank fill. This field
will be Dblank if nejther a COCE.SEGMENT nor a SEGMENT statement
has yet occurrede.

CORRSINTERNAL .SEGMENT.NUMBER is set tc 2eros as is
CORRSINTERNALLSEGMENT.FLAG,

This statement c¢3n be wused more than once within 3 segment if
more than an 8-bit value is requirede.
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MICRC
kAt tk
* MICRC =
LA R E R E R R I
SYNTAX:

SEMANTICS:

This instruction nilaces the literal, as a 16=-bit microinstruc-
tions» directly into the code filee MICRC should be used only

when the desired code cannot be gbtained by using a suitable MIL
statament.

The literat has a decimzl range from 0 to 55535,

EXAMELE:

MICRO 383AA3 ¥ THIS IS5 EQUIVALENT TC "MOVE 3JAAQ3 TO L™
MICRC m22" 2 THIS IS EGUIVALENT T0 3F2F23

MICRD "HI" 3 "HI™ = 3C8C93

MICRO 784 2 =303103 = TCLEAR X*

e et T b o e w8 e R e @il Al
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 MJMEMORY.BCUNDARY

2 E R ESL AR RS EERERRERRSE

EAEEAEEELESELEREERESSSED]

(availatcle on E1720 systems only)

SYNTAX:

M. MEFCRY .BOUNDARY =meom= W INIMYN=omcmcamaxa>]
1 !
1===¥AXIMUM==>}

SEMANTICS:

This instruction sets the M.MEMORY bouncary within the IPB
{(Intergreter Parameter Elock) c¢f a MIL program ¢to the current
code addresse

MINIMUM specifies to the operating systex the nunmber of microin-
structicns that MUST te loaded into M=-Memory bDefore the aicro-
program may be given controle. I1f» however, this value exceeds
the amount of M-Mesmory physically present or a given systems the
value will be ignored (considered = 0). The staterent is gener-
ally used to ensure that the most used microcode will execute
from control semory, where it executes faster than if it is
executed frow main memory.

MAXIMUM specifies the maximum K-MNemory utilization.- of a aicro-
progran. No code emitted after the cccurence ‘¢f this statement
will ever be loaded intc», and hence executeg¢ frcm, M-Memory. It
is generally wused to keep non-executable datars such as TABLEs»
fron being loaded into control nesory», thus being made inacces~-
sible in main memorye.

Thus, at all timess the portion of microcode in M-Memory will bes
at the discretion of the operating systems fros the beginning of
a given aicroprogram until scme point between the appearance of
the M .MEMORY.BOUNDARY MINIMUM and the M.MENMORY.BOUNDARY MAXIMUM

stateaentse. The fields are ignored for stand-alone aicropro-
granse : - S
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MONITOR

SYNTAX:

MONITOR====={iteral=====>]

SEMANTICSS

This instruction emits the
titeral occurrence identifier.

9=76

COMPANY CONFIDENTIAL
B1800/31700 MIL

P. S. 2212 5298 (E)

AEXAXARECRN XX

»* MONITOR »

AR R E 2R R LR S

gcnitor micro~operator with the
(See alsc Appencix 83 MONITOR.)

The Lliteral has a decimal range from 0 to 255.

EXAMELE:
MONITOR 5
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" MOVE

Akdk kk xh
* MCOYE =»
TEE AR XK

SYNTAXs

MOVE==sgurceereg = === cceccescccaccascannaceeTle=s50Urceesink.reg===>1
i I 1
j=scratchpad sWord=====escemscencwewew===>| J-scratchrad.ward=>1
! !

{=ACDRESS {(labeleref)=meaccecccanccacaay]

! i {
i ! i
i I= # ===3rithe.egxp=>1
1 1 1 1
| ‘ J= = =3} i

H §

1

1

i

1

--ari th.expcuonnoanocc--.-—.----------_)’

|
==SEGMENTLCOUNT====eemmmecmmccacacaanad]

1
I =~HEXeSEQUENCE.NUMEER== e memmcnan===)]

i 1
1=-CODE.SEGVENToNUMEER====am=mmmmmeaccan>]

SEMANTICS:

This instruction ccpies the specifiedg source infaormation into a
source.sinke.register or scratchpaddewords.

ADDRESS (labelaref) is a3 literal value equal to the code address
of the Label reference.

SEGMENTL.CCGUNT is a literal value equal to the number of times a
segnent statement has occurrede.

HEXL SEQUENCELNUMBER is a literal vatlue equal to the leftmost six
digits of the current source statement secuence nunmber.

CODE.SEGMENTLNUMBER is a (titeral value equal to the current
CODELSEGMENT nuamber.

) If the source length is less than the destination length» then

e the data will be right justified with zerc bits supplied on the
lefte If the source Length is greater than the destination
lengths the data will be truncated on the lefte

PEEPUEITLITLTE
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For information which has a bit value greater than 256 there will
be two micros generated corresponcing to the 24-bit move hardware

0perstor.

The following are restrictions c¢n an S=Memxory Processor.

de If ADDRESS or arith.exp has a value greater than 255, and
source.sink.reg is CP, the move will not take placee

be If source.reg is U, source.sink.reg say not be TAS, M, or
Ao

Ce If source.reg is A» CP, M, or DATA, scurce.sink.reg may

not be a 4-bit register.

de If source.reg is SUM or DIFF, source.sink.reg may not bhe
CMND or DATA.

The following are restrictions on both an S-Mezory and M=Mepory
Prccessor.

de hhen sourcee.reg is DATA, source.sink.reg may not be DATA
or CkND.

be Khen sourcee.sinke.reg is M, the operaticn is changed to a
BIT=0R which modifies the next micrc-operation; it does
not mwmodify the instructions storecd in memcry. In tape

scde no 8IT=-CR takes place. A literal vaiue generated
froe ACDRESS, arith.exps or SEEGMENT.COUNT may not be
moved to the M registere.

EXAMPELES

MOVE X T0 Y

MOVE 48 T0 S1A
MOVE ADDRESS (# GLOP) YO T

MOVE 10 TC TaA
MOVE S12A TO 5108

MOVE ADDRESS (BLAH) # 18 = 8 - § TQ FA

MOVE SEGMENT.COUNT TQ T
MOVE (81#(3+10)-1)/2 TO Y

“"MOVE information to M™ is used to modify the execution of the
next hardware micro instruction. In this case the information is
ORed into the instruction just prior to executicne For an

example of this, see EXAMPLE OF A MIL PROGRANM.

’
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MOVEZLNANG
LR R X Y RN
* MUVELNAND =
A R TR T N
SYNT Xz

MOVE .NANQ==- literal~] <--- NANQ.FIELD === Literal =2 Biutindeideb bl L LT P

i i
1- STOP HICRC =i
SEMANTICS:

literal-1 myst be in the range 0 to 15.
literal-2 npust e in the range 0 to 7.

This instruction is not availatle on 81700 processors,

©
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NOP |

SYNTAX:
NOP====eescaccccaccaacas]
SE¥ANTICS:

This NC OCOPERATICN instruction dces nothing exceft use
cycle and take up aone word of ccntrol or main memorye

t A & 2R X

* NOP =

& & 4 dede & &

ocne clock
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NORMALIZE
AEXXE XXX E AR NS
* NORMALIZE =
KRk AT ET A IR
SYNTAX:

NQRNJ‘LIZE‘---—------—-- ----)‘

SEMANTICS:

This instruction shifts the contents of the X register left while
counting the FL register down until either the most-significant

it of X (detersined by CPL) ecuals 1 or FL eguals 0. 1f the
most=significant ©btit of X is already 1, c¢r if FL is already 2»

then no shift takes place.
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gR
kX R
* OR =
Ak kA
SYNT2X:

QR===source.sink.register===HITHe=====egsource.register=======>j
! {

===literal===mce===a>|

SEFANTICS:

This instruction is used to logically CR the contents of a 4=bit
sourcee.sink.register with the value of the Lliteral of the

contents of a 4=-bit source register. The result 1is placed in
source.sinke.registers the contents cof the source.register remain
unchanged. {See alsc: AND and ECR.)

The register may be asny of the fotlowings

sourcee.sinke.register source.register
CA CB =CC »CD any source.sink.register
FY FU BICN
FLC FLD FLE FLF FLCN
LA LB LC LD LE LF INCN (available cn 31720 only)
TA 18 7C TC TE TF PERR (available cn B1720 only)
TO0P¥ (avaiabie on B1720 only) XYCN
XYsS7T

#« CC and CD represent prccessor interrupts and flags

The literal has a decimal range froms 0 to 15.
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SEMANTICS copt:s
TABLE 5=3 CR Truth Table

TR UL G RGN W G ARG GG W D D S D WG D ) AL A W TR VDD WS ) D G D W AP WS S S DU DR WS WD SR AP G AR WD G wm ae e

} Scurce & Sink | Literal I Source & SinK 1|
1 Register I Source Register 1 Register i

‘."'-‘-------.-'-----‘-'--“--"--‘----‘------'-‘-------------.

i ¢ 1 OR i Q I Yields | 0 i

l---‘--"----‘--‘---O--l------‘-c---‘——--------'------------‘--l

! 1 1 OR 1 C I Yields 1 1 I

'--“--ﬂ‘--.-.--,--“--‘- ------- ----’---- ...... "-------------“
1 Q 1 COR 1 1- 1 Yielcs 1| 1 1
'----,----------l------'--‘-‘-‘--‘--l-‘--------'--‘ ------------ ’

i 1 I CR 1} 1 I Yields 1 1 !

LA R A XA E AL L LN L EERERLREREEREXLI XL L ERENEREEEDEREELELEE L EE XYL LEERERRERE FXETELDLYXY T P

EXAMPLE:

R TE WITH 3

LR XL L XL A P REL ERE L EXREEEREEEL A EXEYREEREELLERLELELREL E Y]

1 TA 1 Y3 1 TC 1 TD t+ TE 1t TF |}

.'--'------’---‘--l---.-‘!‘---‘-‘-----"---Q--l--a--—--_--—----—.

1 7T 1 0600 1 0101 ! 1113 ¥ 0011 { 0001 § CO10 | befcre (O5F312) 1}

I---‘-----"-‘-‘--'---.--'---‘--"-----'--‘---'-----“----------l

i i == 10011} == | == |} == |1 == 1| literal 1

'---‘--‘---‘------‘------‘---‘--‘------'---‘--'-----—-----.—----’

t T 10000 I O111 & 1111 1 0011 1 0001 1 001C 1 after (O07F312) 1

LA L A E X R & L A X KX X EXKE L X L XA XX X XL L X XL LEEREEL L EE L R L R K L L K 3 T T 2 X E X 1 X ¥ T 2 Y 1
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OVERLAY

A E RS ERER S S 4

* OVERLAY =

LA EEERE S NS4

(Availtable an E1720 systems only)

SYNTAX:

BVERLAY“'-----"--""--' ----),
SEMANTICS:

This instruction overlays ccntrol memory fror ®main memcrve.
Before an overtay is initiated the L register must contain the
first control memory overiay address, the FA register rust
contain the beginning main meaory address, and the FL register
must contain the length in bits to be overiayeg. Overlay will
continue wuntil the FL register eguals 0 cr the A register is out
cof boundse. If the A register goes out of bcunds, FA contains the
address of the next microinstruction in main memorys FL contains
the length in bits of unfetched data.

The action of the hardwsre a2xecuting this instructicn is similar
to the following:

MOVE A TO TAS
MOVE L TO 2
-LOC0P
READ 186 BITS TO X INC FA AND DEC FL
MOYE X TO CONTROL MEMORY ACDRESSED BY A
INC A
IF FL NEQ 0 AND A NOT OUT CF BOUNDS THEN GO TO -LOOP
MOVE TAS TO A
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PAGE

SYNTAX:

SEMANTICS:
This instruction causes the

4 new page at compile time.

N s i A ks s ariat SESIOTH

9-85

COMPANY CONFIDENTIAL
81800/81700 MIL

Pe Se

2212 5298 (%)

TRk khkhx

* PAGE =«

ThER AR AR

scurce listing to skip to the top of

Ccde is not generated.
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POINT

Lt E A L 2 8282

* POINT =

Rkt RN

SYNT2AX:

SEMANIICS:

This pseudo=operation causes the compiler tc generate an instruc=

tion that adjusts the value of FA to the value of the arithasetic
expression.

Prior tc the execution of this instruction, the conmpiler rmust
have been given some knowledge cf the contents of FAa This can
be done vias
KOVE arithmetic.expression TQ FA
or
FALPOINTS TO arithmetic.expression
See discussion under FA.POINTS. FA wiil be adjusted by up to 144

bits as a result of this command. (A warning message will result

if the adjustment is greater than 72 bits). (See also: READ and
KRITE.) \

EXAMBLE:
SEE EXAMPLE IN FA-PQINYS
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PROGRAMJLEVEL
L2 2 B RS AR R EERERER T
* PROGRAMLLEYVEL =
L2 A B R AR E L EE SRR PRI
SYNTAX:

i }
PROGRAMLEYEL ==w=~mec=mchiracter«string"===ce=cccccaaa>]
1 i
I===TCDAYS JATEemmmacwa>]
i 1
===TLDAYSaTI¥E-==m=n==>]

SEMANTICS:

This instructicn places forty characters of information into the
PROGRAMJLEVEL location of the IPS (Interpreter Paraseter Block).

If the TITLE statement is unuseds the title headirgs of the
program listing will reflect the PROGRAM.LEVEL information.

EXAMELL
PROGRAM.LEVEL "THIS IS A SUBHEADING™ CAT TOCAYS.TIME
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READ

tE S 2 R SRR

* READ =

L2 AR ERE]

SYINTAX:

1 1
1 : 1
2--cACHE-------------‘-‘-‘-------TG ------ Y------‘---------->l
1 1 i i
{ ==KEY DATA==}
1
l---‘--‘-'--‘-‘------------‘--------_-TO-----x----. ------- >
i I 1 1 !
l==literal====8IT===>1 |~=REVERSE=>] J==Y==>1}
i i ! l
| ==BITS==>1 l==T==>1
i i

1==L==>]

G SR SNl G WD W ke B W e

‘ OV OO NETAME DG OE AT D DD DG D DD D WG W W W WIS WU W

1
1

1 H i
'-—FL---co----n---)l
| 1
I=<FA AND DEC FL=-=>1
i 1
b==FL ANC DEC FA==>1|

s mwh NS Wil At e WG SN GO G M WS BaD b e il

--DEC----F ‘---o--u-----------‘---------------—---------)

' 1

’ --FL-Q--.v---¢---o> ‘

] : 1
] }
I==FA AND INC FLe-->1
t S 1 §
§==FL AND INC FA-=>1
1 1
:"Fl ANQ DEC FL°->§

M ) end Mnd m BA% G IR MES B W B AT MG AN SRS e IS VN0 See e wal

1-=FL AND DEC FA=->1
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1==POINT FA TO arithmetic.expressign==<=s-e-cccecccaea- >1
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SEMANTICS:

An  ¥=denmory REAL ¥S¥L TO X instruction reads to the X regicster
the 18 Cits in M-~Memory pointec ta DOy the contents of the L
ragister. The contents of _ rust Ce modulo 16. This facility is

not avaitable on S=Memcry Processcrse

An S-Memory REAL instruction reads from O tc 24 bits of informa=-
tion from S-Meaory into one of the allowable sink (destination)
ragisters: X» Y» Ts» or L.

If the literal is zerc cor is not specified, the fisld length s

given hy the wvalue of CPL, If the resultant field length is
zeros then X» Y» T, or L will be set to zerc.

Noraally, on an S-Memory reads the contents of the FA register
point to the first oit of the field to be reade. If the REVERSE

cpticn is useds the contents of the FA register point tc the last
bit + 1 of the field to be read. The sink register receives the

contents of this field ss if 1t had been reac in a3 forwarg direc=

@ ti1one.
( INC/CEC adjusts FA/FL by the field length after the operation but
a in the same amicroinstruction.

POINT FA adjusts FA By up to 144 # field lenmgth bits after the
operastion. (A warning message will be i1ssuec if the adjustment

is greater than 72 & field tength bits). The PJINT FA soption can

be wused only if literal BIT(S) is specified and is greater than
0. (See also: FAPCINTS and PCINT.)

The CACHE read instruction is nct available on B1700 processorse.

EXAMPLE:

READ MSML TO X

READ 24 BITS TO X

READ T0 Y INC FA

READ 2 BITS REVERSE 10 T DEC FA AND FL
READ REVERSE 7O L INC FL

READ 10 BITS TO T PUINT FA TG 100
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CONPUTER SYSTEMS GRCUP B1300/8170C MIL
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READLCLEARLELQG

EXAE AR A KX Ak kA kb T2 &
* READLCLEARLILOG «»

LA RS B EREEEREREREEREREY

SYNTAX: ‘

READCLEARLELOG ======ceccoc oo cc e eeccccmccccccmaaoy

SEMANTICS:

Reads error log to Y register, and clears error Llag. See
Erocessar product spec for error log fcrmate This instruction is
not available on B1700 processcrse.
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READSDIRECT

IR R R LSRR RER RS

t READLODIRECT »

I E R R ER SR REEEERE ]
SYNTAX:

READADIRECT =w====ac T =e=m==eemec= ¥ =ccecceccacsccoccc——c=e=)>]

SEMANTICS:

This instruction is not available on B1700 grocessors.
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3URRCUGHS CORPORATION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP B1800/8170C MIL
SANTA BAR3ARA PLANT P. S. 2212 5298 (E)
READ.ELOG ,

I E A2 R EREE ZRRS

* READJELOG =

Akt Xk ks
SYNTAX:

SEMANTICS:

Reads error log to Y register. (See processer product spec for
error log format.) This instruction avaitable cn B1900 *GEM?
processcrs only.
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READ.PCRT.LATCH

IR SRR SRR R E B EE TR I
* READLPORTLLATCH »

LE RS RS S SR 2 E R R R EE IR I

SYNTAX:

SEMANTICS:

This instruction is not available on 81700 rrocesscrs.
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, REDUNDANT.CCDE
AR B F B B R B R LR B B E X ER 3

* REDUNDANTLCODE =

LR A S R EE LS B L R TR

SYNTAX:

i 1
} ~==STCP==>1

SEMANTICS:

This instruction casuses the compiler to emit each microc twicee.
It can be used to help ensure the correct lcading of 3 progras or
data from cassette. Care should be exercised Decause some
micross, such as REAC/WRITE with changes to FA c¢r MOVE TO ¥, do
not produce the same results when executed twice in 3 rcwe
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RESERVE.SPACE
ERAEE R R AR NI T RE R
* RESERVELSPACE «
KRN R R R R P RAEEN AR RN
SYNTAXs:

RESERVE.SPACE FOR--=-==arithmetic.expression===-==BIT§========c==>]
SEMANTICS:

This instruction causes the cogpiler to emit a sufficient nuaber
of NCP's (300003) to allow for the number c¢f bits specified by

arithmetic.2xpression.

The actusl amount of sbace reserved will always De MOD 165 ther-
efores up to 1S tits more than that specified by the

arithmetic.expression a3y be reservede

This instruction is usea prisarily to reserve space for some data
area in line.

EXAMELE:
DECLARE IC.DESCRIPTOR BIT(188);

DESC.LOCN
RESERVE.SPACE FOR DATA.LENGTHCIC.DESCRIPTOR) BITS
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RESET
LA R AR EERE ]
* RESET =«
A R AR RS R L]
SYNTAX:

RESEV==e=eea=pregister (literal ) = remrmcnccac e nsncsccncccncccaca==>]
i i i |
1=NOT=>1 I lceerercccccccncncnccaccancca~a)] |

1 1 ' 1 1
jes==eANL===eecearaggister (literat)==>1
| |
i=NQT=>1

| This instruction RESETs (sets to zero) the bit specified by the
. literal into the register. 8y using the cptions, more than one
| i(:} bit in any one register can be reset with the same instruction if
| ALL BITS are in the SAME 4=-3IT FEGISTER. (See also: COMPLEMENT
g and SET.)

The register gsay be any 4&4=-bit source anc sink (destination)
register belous

CA CB CC CD ({CC and CD represent processor interrupts and flags)
FT FU

FLC FLD FLE FLF

LA LB LC LD LE LF

YA T8 TC TD TE TF

TOPM (available on B1720 only)

It may also be the FLs» FBs L» or T register: ail bits must then
be in the same é4-bit subtfietd.

The Literal has a decimal range from O to 3 for a 4~bit register;
from O to 15 for the FL register; and froz 0 to 23 for the FB,
L>» and T registers.
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EXAMPLE:
RESET TCT) AND TA(3)
TA T8 TC TC TE TF
AP WD S AR AR WY W ARG ARV S W G mam ™ S WIS I W e e www-- - W En m . - - S8 W) WR D U AR D W W WM S
T 1 1111 1 1010 1 1100 1 1110 1 1001 1 1C01 1 before (FACEY99) 1

T 1 0110 1 1010 1 1160 1 111C 1 1001 1 1001 ! after (HACESS) |
11 11 1 1 i { 1 i

01 13 4 7 8 1t 15 16 17 18 23

| I
TC0)<==1 1=-=>TA(3)

RESET NOT TACQ) ANC TAL3)

TA T8 TC TC TE TF
T 1 1111 ¢ 101C 1 1100 1 1110 } 1001 1 1001 1 before (FACE99) 1
1 1110 1 1010 1 1100 1 1110 § 1001 ) 1001 | after (EACES9) 1
T I R I | i 1 1 i 1 i
01 13 4 T 8 11 15 16 17 18 23

1
TACQ)<==1 1==>TA(3)
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ROTATE
(2 E 222 RS2 R
* ROTATE =
AR AEREES
SYNTAX:
RnTaTE--Q.-T---LEFT BY---.-titerat BITs-------—---------------)!
1 i | I | 1
! ' Je=<CPL======ec==>] {==T0 register==>]
i ! 1 1
1 }==RIGHT BY literal BITS===>] 1
i , i
! !
1 1 ] i
l==<Y=<=>]  }===RIGHT==>]}
i 1

SEMANTICS:

See SHIFT/ROTATE T and SHIFT/ROTATE X/Y/XY.
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SEGMENT
LB E S EEERE EE
* SEGMENT =«
IR R A R REREE RS
SYNTAX:

| i l

l==label======>]} {==AT=====ADDRESS (labe{) =====>]
{ 1

I==literal===ee==c==>]

Note2 The Lliteral must be MCD 16.

/

SEBANTICS:

See: Segmentatione.
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| SET
2 B R AR D]
* SET «
I E X R F X

SYNIAX:

SET--‘---‘---register TC titera*-Q'.---------'--c---o-—-----o--------)’
! i1 !
I-NOT=>1 f-register (literal)=s======c===cocoooo- mmmmmemmmeemeeas|

i 1

I 1 1
| ~=AND===e====register (literal)==>}
{ 1
1=NOT=>}

SEMANTICS:

This instruction SETs the register to the value of the Literal or
SETs {(Bbit=one) the DBit specified by the Lliteral 1into the
registere. By wusing the opticnss more than one bit in any one
register can be set with the same instructian if ALL BITS are in
the SAME 4~-8]IT REGISTER. (See aiso: COMPLEMENT and RESET.)

SET register TQO literal: The register aay by any 4=bit source
and sink (destination) register listed belowe

CA C8 CC CD (CC and CD represent processor interrupts and flags)
FT FU

FLC FLD FLE FLF

LA LB il LD LE LF

TA T8 TC TD TE TF

JOPM (available on 81720 systems only)

It may also be the CPU register. If CPU is used» the literal has

a decisal range froaz 0 to 35 otherwise the literal has a range
froa 0O to 15.

SET register (literal):s The register may be any 4-bit source and
sink register 1isted above. It may also be the FL» FBs Ls or T
register: atl bits must then be in the sase 4-bit subfield. The
literal has a decimal range froa 0 to 3 for a 4~bit register’;
from 0 to 1S for the FL register; and fros 0 to 23 for the FB»s
L» and T registers.
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EXAMPLES
SET TA TG 3
TA T8 1C T0 TE TF

T ¢ 1111 1 0100 1 0101 1 0110 1 G111 ! 1000 | before (F45678) |

'----.-‘------l------!------i---c--l------‘--Q-n-----'------,

T 1 0011 1 C100 1 0101 1 0110 1 0111 | 1000 1 after (345678) 1

---u--ﬁu-—-----u------‘------ﬂ------—_-.-‘------- - D W R R W AR VAR W AW -

SET TC(2) ANC TC11)

TA 78 TC TD TE TF
T 1 €CQ1 1 G010 1 0000 1 0100 1 0101 1 0110 | before (120456) 1

T 1 CC01 1 C010 1 0011 4 0100 1 C101 1§ 0110 t after (923456) 1

L X 2 % X ------‘.----‘-‘ ! LR R A L L L B B A R L A E A L K X A X B R L R L L L X E X E L E _E ¥ R J

11
TCL2) <==l1==> T(11)

SET NOT TCCO) AND NGT TCC3)
A TB IC ) TE ¥

LA A B A A L R R K 2 b 2 R 2 £ L L B X & B E L L ¥ X X X LB EX L L L 2 L E R T L E R T 3 R L E L X E R X £ F ¥ 29

T 1 0CC1 1 0010 I 0000 1 010C 1 0101 1 011C | before (120456) 1

:----'-!------’-"--.,-‘--.-’-‘-_Q-l------,----‘----ﬂ-------!

T § €0C1 1 G010 ¢ 0000 1 0100 1 0101 1 0110 1} after (120456) |

11
TCC(0) <==11==> TC(3)



s G B M ke o e s R o 5T T s i - i e i W M Eer 5 SN MR STl e e b A s oA B GG NG o> ot Nl B s i s BN Dl A v it A S GRS s

9=-103
BURRCUGHS CCRPORATICN COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP B1300/81700 MIL
SANTA BARBARA PLANT Pe Se 2212 5298 (E)

SHIFT/RCTATE 7
Rk kT EEX N AT R AT AN RH®

* SHIFT/ROTATE T =

L EEE RS SR E RS R R X

SYINTAX:

~=<=SHIFT T=====LEFT BY====literal BITS=m==c-cecceccacccaccacacaaaa>]
1 1 i . 1o 1
I i 1==CPL==========>! 1=-=T0 register==>1 1
! i |
I 1-==RIGHT 8Y literal BITS==mee=s=cescmceaccmacacaaa)]
1 I 1 1
! J===TQ=====X==>| 1
I ! ! i
1 1-==Y==>} i
i i i 1
1 l===T==>] i
i i i !
I l===L==>] i

| i

1 !

! ! it 1
‘ lc-’tPL----C----—){ ,--TD register--)l
! i
1-=RIGHT BY literal B8ITS===>}

SEMANTICS:

This instruction SHIFTs or ROTATEs the contents of the T register
and places the result either in T or in soze gother scurce and
sink (destination) register. If the result is not placed in the
T register, T remains unchanged. SHIFT will zeroc fill.

The Literal has a decimal range from 0 to 24.

SHIFT/ROTATE T LEFT: If C or CPL is useds a shift cr rotation by
the value of the CPL register will cccure If CPL is greater than
24, 24 is used.

10 registers places the shifted or rotated results in the spec~
| ified source and sink register; the T register remains unchanged
et unless T is aiso the destination. If the TO register coption is
not used» the result is placed in the T register. The register
B3y be any source and sink register except DATA or MBR (refer tos
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Registers And Scratchpac). If the register is M» the result cf
the SHIFT/ROTATE operation is BIT-0Red into the M register anag

nodifies the next microinstructicn.

-*

ROTATE T RIGHT: Secause the nargware can only rctate thas 7

ragister to the left, the cozpiler converts this instructicn to
the proper {eft rotate to accomplish the sare result as the

rotate righte.

SHIFT T RIGHT: Because the hardware <can only shift the 7T
register left, the compiler will generate asn EXTRACT to accom=

plish the same result. Therefocre» the T register may be shifted
right only to the Xs ¥Y» T or L register. If tne TD... option is

not useds the result is placed in the T register.

PROGRAMMING NOJES

le It is recommendad that the EXTRACT instruction be wuseds
rather than SHIFT T RIEHT.

2a MOVE..-TO0 ¥ may be used to create cynamic SHIFT/ROTATE?'s
(see MOVE :znd references to the M register).

EXAMPLE:
ROTATE T LEFT BY & BITS

TA 18 TC TD TE TF

T 1 C110 1 CO11 ¥ 1000 1 01G1 ! 1111 ! 000Q | before (65385F0) 1

T 1 0011} 1000 ¥ 0101 1 1111 1 0000 1 O11C 1 after (335F06) |

LR A R 2 B A E L L 2 2 F £ X B 2 X L ¥ R L T T B R B R I E R L ¥ T F N T E X X E T T B LR F B L T L E ¥ T ¥

SHIFT T LEFT EY & BITS
TA 7B TC TD TE TF

LA A X R R L LR X A L E XX REY XL AL YL ERYL Y EL LR ELLIEL XYL EXREEREEEYEX 3

T 1 0110 1 0011 ! 1C00 1 0101 1 1111 1} 000C | before (6385FQ) |

T 1 0011 t 1000 1 0101 1 1111 ¥ 0000 1 0OC0Q | after (38SF00) 1

LA R L B L L L XL LT L SRR LA YRR PP Y LU R Y REELERYEEYYT YT ]
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SHIFT/RCTATE X/Y/XY
' AN AR R AR A C AN R ARk Rk
* SHIFT/ROTATE X/Y/XY »

LA E R EEEEEELE S EE R E IR T I I

SYNTAX:

! I i i ) i

1===RCTATE==>1 J===Y=c==>]  [==<RIGHT==>]
i i
J===XY==>1

SEMANTICS:

This instruction shifts or rotates the X, Y, ar XY register (X
concatenated with Y) 3 specified number cf b5its tc the right or

lefte Zero fill will occur with the SHIFT instruction.

The litaral has a cecimal range from 0 to 23 fcr the X and Y
registers, and from 0 to 47 for the XY register.

MOVE<...TC M may be used for dynamic SHIFT/ROTATEs (see MOVE and
references to M register),

NOTE: The literal has a maxisum value of 1 on the B1710 systenms
with the concatenated XY register.
EXAMBLE:S

SHIFT X LEFT BY S BITS
ROTATE XY RIGHT BY 40 BITS
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BURRCUGHS CUORPORATICN COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GRCOUP B1800/31700 MIL

SANTA 3ARBARA PLANT o P. S. 2212 529%3 (E)

0 SKIP

2 E R 22X &
* SKIP =

LA 2B EE S S

SYNTAX:

SKIP WHEN====register==AlL===-==-<=m=ceee=cijteral==-===cc=ccoc=cos>
! 1 ' 1 11 !

1 1 ] ===CLEAR=-=->1 1| | {===FALSE==>]
1 i 1 1
i JomeANY=mececaccnas>] i
] i H i
1 fom=EQLemmmmem=mm—au>] 1
1 1
l===condition=e=e==ecscecececcaccacaaaeaa>]
SEMANTICS:
| (:% This instruction causes one microinstruction to be skipped if the
' designated condition is satisfieds (See alsc: IF.)

SKIP WHEN register: The literal contains a3 &4-bit maske.

ALL is considered to be true only if all the bits in the register
correspaonding to ones bit in the mask are true. That is» only
the designated bit pcsitions are tested to see if they contain
onese. ANY is true if at least one bit in the register corre= '
sponding to a one bit in mask is truee. EQL 1s true if all the
register bits equal the corresponding bits in the maske That is»
the register must be exactly like the maske

ALL CLEAR causes the masked bits of the register {(except BICN,
FLCN» XYCN, XYS and INCN) to be set to zercs after testing the
ALL condition. Only the bits tested are cleareds and the
clearing action always occurs whether the SKIP is taken or note.

If ALL is used with a mask of 0003, the result is always true.
If ANY is used with a sask of 0000, the result is always false.
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FALSZ causes 3 skip when the whole conditicn is falise.

SKIP WHEN c¢onditicn: The corcition may be any cordition 3aysit=
able frem the condition registers (see IF).

The register may be declared as follows:

FU TA LA CA 3ICN
FT T8 L3 cs FLCN
FLC TC LC cc INCN
FLD TD Lo co XYCN
FLE TE LE XYST
FLF TF LF

PROGRAMMING NOIE

The use of the IF...THEN...ELSE instruction is recczmended rather
than the SKIP instructione The SKIP is limited to ones 4=bit
grouping mask in one register and may only skip one microinstruc—
tion. The IF is capable of testing any combination of bits in
many registers or skipping blocks of microinstructions and will
generate a SKIP WHEN hardware microinstructicn whenever possible.
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S.MENCRY .LOAD

LR A RS R RS RS EEEE R XS

* SJMEMCRYLLDAD =

(22 S SR EREE RS EREE X

Se MEMORY eLUAL======START === m===a=>]

.

SEMANTICS:

This instructicn specifies the location fcor beginning statesents
in S.MEMCRY. Code is not generateds, but the code address of the

last statement is placec in the IP3 (Interpreter Parameter Block)
3t RESERVED .M. MEMIRY.

This statement is used to recerd the size of all code emitted
previous to its occurrence into IPB.RESERVED.M.MEMCPY in the
Interpreter Parameter Block of the final coce filee IPB.RESER~-
VEC.M.MEMCRY can then be used by a load tige binder tc load
previousiy generated coce into control memory and tc make allow=
ances for its abtsence in main remory.
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SYNTAX:

e AT Ml LM 0 A Pk o ek N e
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LB SR 2 R R 22

* STORE «

LA S A E XX S X

STORE F INTU-----douhie.scratchnad.uord-~°*->I

SEMANTICS:

This instruction MGVEs the
scratchpad word (SCe..S15);5

NOTE: The compiler generates two MOVE instructions on B1710 SYSteMSae

LXAMPLE:
STQRE F INTC 56

Field (F) register into any double
the F register remains unchanged.

e kB e 8 b o 4
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SUB.TITLE

222 2RI
* SUB.TITLE =«

AR EE R R SR EE EEY

SYNTAX:

] H
SUS‘TITLE-Q---‘- --.--"Char actere. stri ng"‘---‘---------->'

l===ec=e>T0DAYS.DATE ~mmm=m=>]

! i
J====eee>T00AYS T IME mmmmm=n>]

SEMANTIC

lea

-
.

This instruction mcdifies prograa title information.

If "character.string™ exceeds 72 characterss right-hand trunca-
tion will occur.

The ¥ HEADINGS and PAGE.NUMBERS must be specified if subDtitles
are to be Listed on all page headings.

EXAMBLE:

SUBLTITLE TUDAYS.DATE CAT “PROB.A™ CAT TOCAYS.TIME
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SUETRACT SCRATCHPACL

LE S22 RS ELESEREFEEE IR EY

* SUSTRACT SCRATCHPAD »

LA R RS R ERE SRR ERRERZEEEEE N

SYNIAX:
SUBTRACT========scratchpadeword=======-FROM FA===c====>]
SEMANTICS:

This instruction subtracts the left half of any scratchpad word
(50A...515A) from Field Addresss (FA) register. The result is

placed in FA; the contents of scratchpade.word remain unchanged.
(See also: ADD SCRATCHFAD). '

Neither overflow nor underflow is detectede The value of FA nmay
go through its maximua or minisua value ang wrag arcund.

EXAMELE:
SUBTRACT S3A FRCM FA
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SHAP : -

A R R B2 5 X

* SWHAP =«

Ak kkhd kN

SYNTAX:

! i 1 1
I ===REVERSE=-->1 f===T==>]
i 1
1 1
1===Y==>]

SEMANTICS:

This instruction swaps the specified number of bits between main
nemory and the specified registere.

The FA (Field Address) register sust have teen greviously set to
the proper main meumory addresse.

The literal has a decimal range from 0 to 24. If the value of
the literal is zeros the contents of the CPL register are usede.
If the CFL register is also O, the register is cleared to all

zeraos. If less than 24 bits are swappeds the leading bits of the
register are zero.

Norazally the contents of the FA register point tc the first bit
of the field to be swappede. If the REVERSE cption is useds the
contents of FA point to the last bit plus one of the main amenory
field involved. The specified register (L» T, X or Y) receives
the contents of this field as if it had been read in a forward
direction.

For the B1710 (3 SUESET specified) the compiler emits the
following codes

MOVE X TO TAS

READ literal BITS [REVERSE] TO X

WRITE literal BITS [REVERSE] FROM register
MOVE X T0 register

MOVE TAS 70 X

where Y» T or L is the register. If X is the register, then
replace X where it appears in the above code by Y.
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Q TABLE

Ak XXX RS
* TA3LE =
ArxxkrkE®

P i 1
TASLE latel=====8ECGIN-========<"character.string e==c=cccc=iNl====>]

1 l

l====hax,string======>1

i ‘ l

1=--ADDRESS(label)====>1

1 1

1=(=)>1 !

1=C#)>1 !

jee~=<==<expressicn=>|

O seeanmics:

This instruction creates in-line character.stringse.

‘Any number of strings are allowec per lines, but a string cannot
cross 3 line boundary. The charactere.string aust be enclcsed

within quotation marks? the hex.string sust De enclosed within 3
Sigﬂs.

The BEGIN/END pair must surround all strings in the TABLE. The
characters are grouped twc per address’ iee€e» 156 bitse.

The Llabel of the table amust be uniques its use references the
first 15 bits of the tablie.

¥hen the ADDRESS clause is useds a 16 bit value carrespending to
the code address of the Label is generated. The ADDRESS clause
cannot be comsbined on one record with any other clause and the
generated value must begin on 3 16 bit boundary.
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EXAMPLE:

TASLE REF
BEGIN
sABC3
.D'
END
MOVE ADDRESS (REF) TOQ Y

=114

COMPANY CONFIDENTIAL
B1800/8170¢ MIL
P. S. 2212 5298 (&)

Code generated:

Cic2
0ABC
00C4
F4F5

X The address of the table (REF) will
X be loaded intc the Y register




9=115

BURRQUGHS CCRPORATIGN COMPANY CONFIDENTTAL
COMPUTER SYSTENMS GROUP 81303/81700 MIL
SANTA 3ARBARA PLANT P. S. 2212 5293 (E) -
TITLE

SYNTRX:
'("------.-'---‘--‘CAT coemsemecenceesene -----‘
1 1
TITLE======~~ mm=====®"Ch3racter.stringt=====c==cccec=a>j
] 1
] i
l========TQDAYS.TINE========>]
SEMANTICS:

The instruction modifies program title inforzation.

LA RS R EE S X

* TITLE «

LB 22 S RS

If ®“character.string™ exceeds 72 characterss right-hand trunca=-

tion witil occure

All 8 HZADINGS and PAGE .NUMBERS sust be specified if titles are

required on following pagese.
EXAMBLE:
TITLE TCDAY.DATE CAT =“PATCHES™
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TRANSFER.CCNTROL
AR KRRX R A AR AR T AR AR ®
= TRANSFERJLCONTROL =

ARk AR XXX AR AL

SYNT2X:

SEMANTICS:

This instruction generates the TRANSFER.CONTRCL microinstructione.
(See Appendix B: Transfer.Controll). ©On the B1710 series it acts
as a NCP.

When it is necessary to transfer control from one firmware
process to anaother, the A» MBR, and TOPM registers may ail need
to be changede. Changing any one of these registers will cause a
transfer of control to some micrg other than the next aizsrc in
line. Consequently some means of changing all three of these
registers sinmultaneously is required> this will be accomplished
with the TRANSFER.CONTRCL instruction.

The action of the E1720 hardware is as follcws:

MOVE L TO MBR
MOYE TF TO TOPN

MOVE T{&) THRU TC1$) TO A
EXAMELE:

MOVE ACDRESS.CF.GISMO.INJS.MEMORY 7O L
MOVE GISMOLEVENTLACDRESS TC T

MOVE O 1O TF
TRANSFER.CONTROL % OFF WE GQ...
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WRITE

kv hthk i
* WARITE =«
I E S ERER SR

SYNTIAX:

HRITE;-MSHL FROM Xevwwesceccanvecccaccccccana=a --------------------~—-;>l
1 i
l==~=CACHE (A=====f fdM=m=eX,Y,T Llocmmemccaaca cecmmmamaa ——eee=>]
1 1 I 1 1!
| 1-=CACHE.B==1 J==WITH EVENKEY.PARITY==] 1|
] 1
jeemccocn= " eesesmvscsmmececssnnescsnscsecfflMecclccacccccnea)]
1 | I | ! i 1 1 H
l1=litergl====co=af]T=ww==>] |=REVERSE=->1 1=-Y=>1 1 1
1 11 i 1 1 1 !
1=Cliteral)=>1 1=-BI75~->1 1=-T=->1 1 i

L} H 1 i

f=L=>} i 1

1 i

i i

i i

IR R LR LR R R Rl e L LRt bl Ll P Lt il —mw-] i

i 1

i i

IS ERE IS IR A R AR R ALt s Ll Stk b B L DD D DS Ll >}

1 ] 1 1

H joeflececccncaasaar] i

i ] i i

1 1==FA AND DEC FL~=->1 !

{ 1 : 1 1

i f=-=FL AND DEC FA-=>} 1

} |

{e-DECen=mf v rvocvacscrscncncccacsavenscsaccncccccccsnans) ]

i ! . ! 1

1 le=fFlLewenscanscsaa)|] i
i i i 1

] j==FA ANL FlL==w=e=>] i

| 1} 1 !

1 j==FA AND INC FL==>1 i

] i 1 1

1 fo=FL ANLC INC FA==>]} i

1 } i ]

1 1==FA AND DEC FL==>} H

1 1 1 |

i I=-=-FL AND DEC FA~-=>1 H]

1 : i
1=-=POINT FA TO arithmetic.expressigne=—e-cececcccnccacsa=e>}
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SEMANTICS:

An  K=Memary WRITEZ M3IML TS X dnstructicn writes from the X
ragister the 1o bits in M=Memory pointed tc By the contents of
the L register. The conterts of L aust be fsodulc 15. This
facility is not csvzilakle on S=Menory Processcrs.,

An S-Memory WRITE instruction writes froam 0 tc 24 bits cf infor-

mation into S~Memory from one of the allowable source registerss:
X ¥Y» Ts or L.

The amount of data written {(field length) is dererained by

the
{iteralt/7€literat) BIT{3) opticn. If this is equal to O or is
empty» then the field length is given by the value of CPL. If
the resultant fielad Llength 1is zerc then

nocthing 1s written.
Howevers, 3 memory garity check will be made. The unparenthesized
titeral has a decimal range frog O tc 24. (literal) has a

decimal range from 0 to 267 a value of 25 will cause 24 bits to
be written with correct (odd) pgaritys a value cf 26 will causz

24 bits to be written with incorrect (even) parity. Parenthe-
sized Literals should te used for hardware cijagrostic rcutines.

Normally the contents of the FA ragister goint toc the first bit
of the field to be written. If the REVERSE opticn is used» the
conterts of the FA point to the last bit plus ore of the field to
be written to memorys after the write, memery contains the

rightmost contents of the source register as if it had been
written in 2 forward directicone.

INC/DEC adjusts FA/FL by the resultant field length as part of

the write operation. PCINT FA adjusts FA by up to 144 plus field
length bits after the operation. (A warning message will be

issued if the adjustment is greater than 72 plus fietd length
bits)e This option can be used only if literal/{literal) BIT(S)

is specified and is greater than Q0. {See alsc: FA.POINTS and
PCINT.)

The CACHE write instruction is not available on Bi7C00 processcrse.
LEXAMPLES:

WRITE MSHL FROM X
WRITE 24 B8ITS FROM X

KRITE FROM Y INC FA

WRITE 2 BITS REVERSE FROM T DEC FA AND DEC FL
WRITE REVERSE FROM L DEC FL

WRITE DATALLENGTHCAGE) BITS FROM X POINT FA 7O HEIGHT
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WRITE.DIRECT

SYNTaX:

WRITE.DIRECT ===== FRCM ""““;"
f== Y
1
== 7
i
1-- L

><

SEMANTICS:

This instruction is naot availatle on

9-119

COMPANY CONFIDENTIAL
B1800/B17C0C MIL
P. S. 2212 5298 (E)

LR A RS R SRR R XEE RS

* WRITE.DIRECT «

(22 E R ERLREZEER BT

!

1

L B

B1700 processorse.
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WRITELSTRING

Ak ke kTR Xk XXX AL
* ARITELSTRING

AR R E R B EREREEERENE

SYNTAX:

WRITE.STRING=~===string=========e===-ocfR[M====)=mm==ececcemacs)|

H } i { i !
1=REYERSE=>] I=Y=>]|
f i
f=T=>}
] 1
f=L=>1

I(-------------.------‘-‘.---------‘-".--.—----~-

1
{
i
!
i
I
1
1
!
R & I R Rt et
!
1
1
i
!
1
!
i

' --F‘L-'----------.>l

|
| 1 !
i 1-=FA AND DEC FL==>1
! 1 1
! 1==FL AND DEC FA=-=>]
I

1
’--FL«.---------.--)’
| R
1==FA ANC FL======>]

:-~FL ANT FA----—->:
:--FA-AﬁB INC FL-->:
:--FL AND INC FA-->:
£~-FA AND DEC FL-->2

t=<FL AND DEC FA-=>1]
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SEMANTICS:

This instruction 3jenerstes Thge necessary in=line literals for a3
string, with mcoves to0 the indicated register. [t alsc generatas
the WRITE commangs to write the string intc nain mercrys 2acin=
ning 3t the isddress in tha FA ragistar.

The Llength of the string s Llimited tc the rerainder of the
source carc¢ image. It may b5e ary of the follcwing data typese.

Start-Stop Length of
Tyoe Symtol Each Unit Example
character - 8 bits "APC123J4KL"
Hex 3 4 bits d124AA0F3
Cctal al3) 3 bits 3(3)1235573.
Quartal a(2) 2 tits 321233213
Unary a(1) 1 bBit 3{1)110C11013

If the string length is greater than 24 bits, then INC/DEC FA
must be specified to 3void overwriting part of the stringe.

EXAMPLE:
C3DE - MEMORY
ADDRESS
$CC1 a L[UCCOC] WRITELSTRING “AEC™ FRCM X
€2C3 3 [6CO1¢C1]
re1e a3 [0Q0240)
90C1 & [0009C1 WRITELSTRING "AECC™ FRCM X INC FA
€2C3 3 rOccAC]
7918 a [COCEC]
30C4 3 [CCCCC
7968 3 [C€CQ0OC]T
5002 3 L[OQJCEC] WRITE.STRING ™AECC™ REVERSE FROM X CEC FA
C3C4 = TOCCFQ]
7938 @ LCC100]
80C1 3 [001101]
7928 3 [0012¢C1
80C7 3 [00000] WRITELSTRING S{1)1113 FROM X
7803 3 (000103
9000 3 [0002C] WRITE.STRING 3023333333 FROM X INC FA
03FF & [C0C3Q]
79CA 3 [0QQ4C]
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XCH

R B B EE X
* XCH =
Ak khh kX

SYNTAX:

XCH===dgutle.scratchradenwordei=~~=F===couble.scratchrad.worde2==>1

SEMANTICS:

This instruction moves ‘the 428 bit Field (F) register to
doublee.scratchpageworde? (50...51%); doubleesscratchpadewarde.l
(SCeseS1%) is then maovec to the F register.
Double.scratchpade.word.2 and dcuble.scratchrade.word.l may be the
SAME e

EXAMPLE:

XCH S0 F S¢

equivalent to MOYE FA 73 504
C MOVE FE TO s28

and simultanecustiys: MOVE SCA TO FA
FCVE SC3 70 FL

ba RO L B
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- ———— - - — - — —

A set of wvirtual-instruction encodings far the virtual machine
sust first be defined as each being a wunicue string of bits.
This definition may Be chosen accerding tc any relevant criteria.
For examples COB0OL verbs wmay be encoded according to their
frequency of usages the higher frequency verbs deing encoded in
three bits Wwith one escape code that specifies the next eight
bits as an extended code string. Another approcach might be to
accept directly the source language as in a time=sharing, “line-
at=a-time»" interactive mode. After the S=instructions and their
operand fields have teen defined, all stancard conventions and
techniques should be develocpede. For example» the bDase values of
S=instructions and S=data might be in S4A and SSA of the scratch=-
pag? or all routines are to be referenced with CALL and end with
an £XIT instruction to facilitate subroutinge The nmicropro=-
grammer 1S now ready to btegin creating the microrcutines needed
to perfore each of the S=instructions cf the S-language.

ASSEEBLY CODING FORM

The compiler accepts card images consisting of one symbelic
micrcinstruction per carde The source prcgras must reflect the
following formats

Column Usage

1-5 Reserved for label declarations whichs 1f used»
nust begin somewhere within this field.

1=-72 A percent sign (X)) anywhere within this field
indicates that the resainder of the record image
is to De ignorede.

6=72 MIL statements m3y appear anywhere within this
fieldeo At least one blank must be used between
words except in those <cases wherz a special
character (e.ge» 3 parenthesis c¢r relaticnal
operator) is requireds 1in which <case blanks are
optional.
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3oth point Llabtels anrd unicue Lsoels may extend
ints cels 5~-72. Detecticn of wuricue labels is
Limitecd to the first 25 chsractars of tha L(abe
In the case of pcint laocelss the first 23 chire
ters are usedge.

73=88 Ra2servec for secusence numnters.

Source ccde maintenance as well 3as other ccrpiler ogtions may be
specified By the use of either a3 3 (dollar sign) er & (ampersanc)
in column 1. (See Appenaix A3 MIL Compitler QOperation.)

30GRA)

u
x

EXAMBLE

kn

Examples A» 8 and C first explz2in S=language statements’ there
is assumed to exist so®e Lasic Criver routire which is in control
at the beginning and enc of each S=instructicne This controil
routine cerforms the Virtual Machine functions cof raintaining an
Instruction register and fetching the next S~-instruction.

@ EXAMPLE 4:

Assume the following:

Be The 3 bits 010 iaply an S-instructicn cf ADD the & 4=bit
decimal digits located at Indirect address=1 to the 6
4-bit decimal digits lccated at Indirect address=2 and
store the answer at the location referenced by Indirect
address=2.

b. Indirect addresses are displacements frem the beginring
cf & tables the actual btase value of the table is the
current setting of the Base Register (3R)J.

Ce The lengths of the Indirect addresses are 9 bits.

Ge Alt data is in 4-bit decimal form ard is 6 cecimal digits
(24 bits) longe.

. Overflow is toc be ignored.

The instruction might appear §n main memory as follcws:

Sop~Code Indirect Address=1 Indirect Address=2
Q10 080011001 000010110

i
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This bit string represents an S-jinstruction comciled frem a
source language statement such as the following:

ACD SUM TO ROLLTCTAL

That portion of an interpreter which would gerfcrm the aadition
might appear as follows:

FETCH.NEXTSOP MOVE NEXTSCPFA TC FA
READ 3 BITS Td X INC Fa 2 GET 0OP-COCE
MCVE X TO M X PREPARE TO DECQODE
JUMP FORWARD Z GC TO ODECCDER
GC TC RCOUTINE.LGET
GC TC ROUTINE.STCERE
GJ TC RCOUTINE.ADE 2 ALD RCUTINE

-
L4

-

RCUTINE.ADD Z LASEL FIRST LINE
READ 9 BITS TO T INC FA REAC FIRST INDEX
READ 9 BITS TO L INC FaA REAC SECOND INDEX
MOVE FA TC NEXTSCPFA
MCVE L TC FA

™ MOVE B8R TC SiA
ADD S1A TC FA
‘ READ 24 EITS TQ X
MOVE T TC FA
ACD S1A TC FA
READ 24 EITS TQ Y
MOVE 3(1)C01110003 TO CP

e R

LCAD INCEX

SET BASE FOR ADD

ACD ACTUAL BASE TO INDEX
GET DATA=2

LCAD IWNDEX

ACD ACTUAL BASE 7O INDEX
GET DATA-1

CLEARS CARRY

SETS CPU AND CPL CORRECTLY
GET SUM READY TO WRITE
WRITE SUM

MUST RESTCRE CPU IN GENERAL
GC TU NEXT S~INSTRUCTION

MOCVE SUM TO T
WRITE 24 EITS FRCM T

MOVE 24 TC CP
GO TO FETCHLNEXTSCP

LR R IR B TR L I L YN B N VI

EXAMELE 2:

if the source language statement was
MOVE INVERTING FIELC 1 TO FIELD 2
The S=language might then consist of the S-cp MVINV, which would

perform a3 move=invert froam address=1 to address~2. The format of
the S=op would te:
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10P-CODE | CATA TYPE ILEFT=-XCSTILENGTH=11RIGHT =-MOSTILENGTH=21

H 317 1 CCC1=BINARY 1ACCRESS-11 IN 1 ACDRESS=2 1 IN 1

ISTRING 1| C100=4-BIT I UNIT i 8ITs 1 UNIT 1 3I7 i

! i DECIMALCECD) 1 AESQUTE 1 1 ACDDRESS 1| ]

I I 1000=3-31IT7 1 ACDORESS | i IN 3IT7Ts i 1

i i DECIFAL(’ECDIC) I IN B8ITS | 1 1 !

NOTES:

3e The size of each S-op is 24 bits or less.

be The left-most-address=1 points tg the beginning of
field=1 and the data will be accessed with READ FORKARD
coemmandse The right-most-address=2 points to the end cof
field=2 and the data will be accessed with WRITE REVERSE
cCMMands «

Assume the following events have DbDeen crcerformed in a marner

sigilar to that used in Example A:

Ae The Op-code has been prcperly decoded and the correct
routine has been entered.

be The address and Llength cf field 1 are in the F register.

Ce The address and length of Field 2 are in scratchpad word
SQ.

The following code then perforss the
properly pads with space if
longer than the sending field (field 1)

MVINY
TCP

BIAS BY UNIT
IF FL = 0 THEN GO TO PAD

IF SFL = @ THEN GJ TC ENDCP

READ TO X INC FA AND DEC FL
XCH S0 F 50

WRITE REVERSE FROX X DEC FA AN

M XRMN N N

XCH SC F SO
GO TGO TgP
LOAD F FROM SO
MOVE C TC X
IF LF{4) THEN
MOVE 3403 7O X
HRITE FROM X DEC FA CEC FL
IF FL NEQ C GO TQO =-A
GO0 YO ENDOF

PAD

Ao

NN KR R

MOVE-INVERT
the receiving fielcd (field 2) is

cperation and

SET CPU AND CPL

TEST LIMIT FIELD1

END OF FIELD2 STOP
GET A UNIT OF DATA
EXCHANGE SO AND F REG
DEC FL

PUT A UNIT OF DATA
EXCHANGE FCR GET

GET ADDRESS INTO F RES

SET ZERU FCR PAD
TEST FOR EBCDIC
ADD PAD SPACES
WRITE A SPACE
TEST LIMIT

ENC OF OPERATION
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#emory would bes

setcre

After

Befcre

After

Notice that
either case.

Alpha Czatz String

FIZLO1
A B CO0 e 1
t A3 C0D0EI

FIELD1

i1 1¢C001

1110300

the same

B8it Strings

microinstruction

FIELD2

1 4556 721

W e w @ -

D AR E AR W e -

1l ECC B A

FIELDZ

- - S W an W e

1111111

1360111

sequence

will

Wwork

in
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EXAMELZ C

Given: A list of datz jtems.

Protlem: Sort tne gate items intc ascending Seguence in place.
{(Dc a butkble sort.)

Assures
de The S~-operator has the following gereral format:

Left=meost Length

Op codge Tyre Indicarer ddcdress Of List

In Bits In Bits
l-------.‘-------------‘---—-—--“‘-----_--‘----------4------‘-----
1 A ! 4 = 4=bit decimal i A i A §
I 3IT STRING 1| 8 = 3=bit aipha (EBCLIC) ! 51T STRING ! 3IT STRING 1
| ! any other value frca O 1 I i
| i to 1S H ! i

RSB W M W WD AR AR R R WD WD WS G D WD AP W W M T U OD W an U G U A W N AD WD W WS ARl N W SD R G WD AP W 4D AN WD U W WD NR G AR WE GD eGP WS NP N

De The Op=-code has bBeen decoded (see Example &) and the
necessary rcoutine has Ceen entered.

g‘:} C. Scratchpad word S5 contains the nmost-significant (left-
' most) address in S5A and the TYPE and length in 55B.

Then the following routine will perform the bubble sort:
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359RT
CyCLE

- A

ENDCF

EXITR

CLEAR L

L2AT §F FRZM S5
IF FL = € THEN G

H
3[AS 2Y UNIT
CCUNT Fa U? AN
IF FL = Q0 G& TC
REAC RZVERSE TC
READ TC Y
IF X LEQ Y THEN

GO TC =-A

¥RITZ REVERSE FROM Y

WRITE FROME X
MOVE aFad TCO LF

GO YO =-aA
IF LFCG) TRUE GO
CLEAR L

GO T0 CcycCLE
EXIT

T3 EXITR

O O . N —.
4 Skt WLRA G ke e e B el i et ki TR AN i B e’ T L i L skt 2T S P bR s

1C=-7
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B1800/31700 MIL
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CLEAR SWITCH

FETCH SECINNING ACDRESS

CEGENcrfATZ CAZZ TZST

SZT CFL TCZ UNIT FOR RD/NT
£op PLACET EETxEIN ITEMS

LAST ITEZM™ TEST

GET ITEM CN LEFT

GET ITEM GCN RIGHT

LEAVE ALONE

REPLACE RIGHT T3 LEFT
REPLACE LEFT T3 RIGHT

MASK NOT ALL SORTED SWITCH
GT GET NEXT

EXIT ROUTINE

RESET SWITCH

TRY WHOLS LAST AGATI}

X ISR R A IR T B AR LR R AT S A R
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EXAMELE QF 2 MIL PROGRAM
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Q ABBENLIX A

CONTRCL CARD:

- i s

L CCMPILER CPERATIQN

loe
&

]

k

ine purgose of the compiler control <card s to allow the
frogrammer to specify option settings to the compiler.

Every MIL control card has either a $ (dollar sign) in column 1
and is called a "dollar card™, or has an & (ampersand) in coluan

1 and is called an ®"ampersand carc™e Colunns 73-30 may be wused
as a seguence field. :

LOLLAR CARL SYNTAX:
l<---“-‘---------_----------.“.-----..-._---‘---_‘-‘--"--i
: i

§omcemcccccccncac-many.doliar.cption.noteinsthisesdiagrane=====c===>|
I I , ! I

I 1===NO==>] !

H !

| «==0EQUGmm=me==cecmeecacccccmmccccmecemenccacsaccaan>]

i 1 i

I== base ¢+ increment==>}

1 i
1 i
i 1
11 i
,(:ﬁ P l=<<titeral==>] 1 1
H H
I l===HARCWARE.TYPE == =ee=Smcncccrcmacccnnccrcccccncaaaa>], i
L | jo==M==3] ' I }
| B ===U==>] i i
I 1 1
I 1===LINES.PERLPAGE literal= -=e===ccccccccccacccacana>y i
i !
! 1=--LIBRARY.PACK packs.identifier=====cecccccccannacaay] i
P i i
1 lese<c=eSET~=====-conditicnal.inclusicr.icgentifier===>] l
1 1t 1 1 1 i
I 1 l==<=RESET==->] 1 1
11 1 1
! 1-=<N0 SEQe=<eccccccccccccccacccccnccccccancemcnasues)] 1
O ' _ 1 1
I I===SfQmemmvrerccecmccreacccccccacccaccnancanacacanan)] 1
I i ' ‘ t i
! l== + increment=======>| i
1 ! 1 1
! == bagsgeememccaucccena>] 1
i i I i
1 1
i !
1 i

! B 1
J==>terminating.sequence.field=-=>|
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COLLAR CARD SEMANTICS:

ALLCQODE lists all <ccde generatec for each MIL
statement when listing.

AMPERSAND lists all aspersand records except &3

. recorcs when listing.

ANALYZE.CODEFILE prints an analysis of the code file at
end of saurce listing.

ANALYZELONLY prints an analysis of an existing MIL
code file.

CHECK checks for sequence errcrs (default cn)d.

COMPILE when reset a fast source listing will be

produced with no coce generation or
syntax checking (default on)e.

CONTROL | prints ail dollar cards when listings
same as SOJOLLAR.

DEBUG for cospiler cebugging use.

DECK / punches an object decke.

COLLAR prints all doliars cards on listing.

DOUBLE double spaces (isting when printinge.

ERROR.FILE lists errors and warning or a separate

printer file as well as the sain
listinge.

EXPAND when Llisting, prints all stateaments

(including coaments) within macro» when
8 macro is invoked.

EXTERNAL o generates external segment branching
code {(default on).
FORCE generates a cocde file regardless of
syntax errorse
FRAME tists atl 1IFf, BEGIN...END stateaments
- .which conditionally exclude code

~ {default onla

HARDNARE.TYPE specifies which hardware processor type
- will be used: S (S-Memary); M (M=Me-
- @ory);. U (Universal). Exampile3 SHARD-

/
P
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HZADIN

LISRARY.PACK
LINES.PERLPAGE

LIST

LISTALL

LIST NOW
LIST.PATCHES

LISTP

MERGE

NENW

NG

NOPS
OLO.LISTING.FORMAT
PAGE

PAGE.NUMBERS

0 s i B 4

A=3

COMPANY CONFIDENTIAL
B180C/B170C MIL
P. S. 2212 5298 (E)

AARELTYPE = U,

srints all title ana subtitlia heacdings
gt the Oeginning of the page when
listing. If REACINGS are requiregd for
2ach gage then LINES.PER.PAGE ar
PASE.NUMEERS nrust also be scecified.

specifies the default pack id for
library files. EXAMPLE: SLIBRARY.PACK
MY.PACX.

erints wmaximum nusber of lines per page
of listing if PAGE.NUMEERS s unspeci-
fied.

lists all source reccres excluding macro
records that are carpiled {default on)a.

lists alt unconcitionally excluded
records to be printed.

lists scurce recarcs when read? same as
SLISTP.

lists all patches from the CARDS file
when read? used with SMERGE.

same as 3 LIST,NGH.

merges a secondary source file ("CARDS™)
With the primary source file ("SOURCE"™)
replacing primary source records by
secondary records with the same sequence
numbers.

credtes 3 new soufrce fite ("NEWSOURCE™).

fesets any specified dollar opticn if
allowed.

generates NOPs in external linking code
for debugging purpcses.

uses listing for pre=5.1 version of the
compiler.

skips to a new page before printing the
next line.

puts page number on each new page when
listing and puts 3 maxisum nuaber of
lines on a page (60 by default) which

- ¢an be changed by SLINES.PER.PAGE.
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PARAMETZR.3LOCK punches a parameter blsck with the

object deck if usec¢ with SCECK: other=
wise cnly code is punchede.

PASSL.END displays compiler ©[pass infarmation an
the SPC.
RESET resets 3any specified conditional inclu-

sion gption.

SEQ ) - resequences source recordse.

SET sets any specified ccnciticnal inclusion
optionse.

SINGLE prints single-space listings (d=fault
onda

SUBSET generates <ccce fcr 351710 (5=M2pcory)
Processorsz same 3as the 38710, SHARD=-

WARE.TYPE=S.

SUPPRESS suppresses printing cf warning messadcesSe.

vgID deletes a specified range of source
: records. The terminating sequence range
Ttust be exactly € characterse.

XREF sets XREF.LABELS and XREF.NAMES. This
option ®m3y be set or reset (SNO XREF) at
any pocint in the scurce input in order
to 1include tokens in» or exclude thenm
from, the cross=reference produced by
the ccmpiler.

XREF 4ALL sets XREF.LABELS, XREF <NAMES and
XREF .REGISTERS.

XREF LLABELS cross~references all labelse.

XREF JNAMES o cross-references all nanmese.

XREFLREGISTERS cross-references all registerse.

XREF LEXCLUDED.SCQURCE cross=references items within the source
that are conditionally excluded (default
onle.

N , - NOTES AND RESTRICTIONS:

e Unless otherwise specified (through the MERGE option),
the ontly source of input is the card reader. Qnce $
MERGE has been specifiedr» and the first non=$ record has

+
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neen encounterad, it is not possible to 3gain indicate

"CARDS CNLY™.

Ce If ro dollar cards ars usad the cefault options are:
AMPERSANDS ZHECKS CONMPILES EXTERNALS FRANME, LIST and
SINGLE. ALl incut will be from the CaRDS fite. -

Ce - Options are turned off cnly through the appeararcz af NO
followed by the option ward. Note that NO and the option
word are sepasrated by at least one Clank.

de Comments msy appear on dollar <carcs by gpreceding the
ccatent with a ¥ (percent sign)d.

e Bollar <cards are not included as part of a "MEWSOURCE"™
fite when $ NEW is specified.

g====sLIBRARY====snultiefilesignmmmmmosmomeosnoco e eans
1 n 1

je==pyultiefile.id/files. id==ercmncmca>]
1 i
I===-packe.id/nulti.file.id/e==e=enc=au>}
i 1
===packeid/multie.filesid/filesic==~>]

~e=lfFAULT===SETeweececeacondition.inclusion.identifier==>i
] 1 i

1-RESET==>1 1
!

i
i
!
I
1
I
|
i
i
i
!

o7 el e mA R
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AMPERSAND CARD SEMANIICS:

LIBRARY Causes the specified file tag be opened and
compiled. Compilation proceeds to the end of the
Library file with no contribution fror any standard
primary or saconcary input file. The last record
in a Library file that is to ke compiled must be
FINI; this reccrd cannot be omittede At end of
file,» coapilation is resumed frocm the standard
input filese The packeids» sultifileaid» and

file.id may be enclosed within guctes. A Llibrary
file is assumad to be a disk file.

SEFAULT Specifies default settings for cone cor more condi-

tionzl inclusion togglese. The default setting for
a particular tcggle will take effect conly if no

previous $ or & card specified a setting for that
taggle.
EXAMPLE: & DEFAULT SET TCG.A RESET TCG.8

s Any valid dollar statement may be usede.

NOTES AND RESTRICTIONS:

3. ALl &8 records are included as part of a "NEWSOURCE™ file
when & NEW is specified.

be 88 records are listed only when both & ODLLAR and $
AMPERSAND are specified.

Cs LIBRARY, CEFAULLT and & statements gay not be intersixed
on a3 single 8 card.



A=-7
SURRQUGHS CJAPORATICH COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP 81300/31700 MIL
SANTA BARBARA PLANT Pe S. 2212 5298 (£)

STANDARD EXECUTION DECKS

Following are examples cf sone 2xecuticn decks that may GLe used
to compile MIL crcograms cn a 51700,

de
be
Coe
de

If the source code is ¢n cards onlys the follcwing deck
may te usec:

? COMPILE object.name MIL LIBRARY
2 DATA CARDS

(MIL Source Cards)

2 END

If the source ccde is an disk» the fcllowing ceck may bSe
useds

? COMPILE objecte.name MIL LIBRARY

2-FILE SCURCE NANME sourca.name;
2 DATA CARCS

3 MERGE

{PatchVCards If Any)

? END

If it is desired to make a new source file on disk as the

result of a compilations one of the folloewing decks may
be useds

COMPILE object.name MIL LIBRARY
FILE NEWSCURCE NANE NeWe SOUrce.nase’
CATA CARDS

NEW

O r) 9

(MIL Source Cards)

2 END
If the source file is already on Eisk then:

CGMPILE object.name MIL LIBRARY
FILE SQOURCE NAME source.name;

FILE NEWSTURCE NAME Newessource.nase;
DATA CARDS

MERGE NEW

[ X2 RN ENY

CPatch Cards If Any)

2 END

ol Dt e e bt vt e e save . an T e st bt LA kit o 1+ 00 & W G i il i,
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Each of the names o00jact.nanes sSCuUrCe.Naler, and NeEWwe.SOUrcCe.name
may take one of the fcllowing fcrmatss:

gulti.fileesia
pultiofile.id/file.ig
packe.id/nultiesfilesid/
cackeid/oulti.filesicd/filesid.

where

ﬂulti-file.id = iQEﬂtifier
fileesid = identifier
pack.id = identifier

EXAMPLES:

CCMPILE MINNI MIL LIZRARY
FILE SQURCE NAME MCUSE/SOURCES
FILE NEWSOURCE NAME MICKEY/MCUSE/SOURCES

" a3

Qor

COMPILE MICKEY/MINNI/OBJECT NIL SYNTAX
FILE SCURCE NAME MICKEY/MCUSE/;
FILE NEWSDURCE NAME TRASHS

[ N R

INIERNAL FILE NAMES

Some of the compiler?s jinternal file names and their uses are
Listed belowe. This information is prcvidecd for use with ? FILE
statements.

CARDS Input file éontaining control and scurce
recor¢s. ODefault cevice = Card Reader
LINE Qutput file for the listing. Lefault
‘ - device = Printer or Backup
PUNCH Qutput file for the object deck’ used
when $ DECK i§s specifiedes Default

device = Punch or Backug

SOURCE Secondary input file for source reccrds
when 3§ MERGE is specified. Default
device = Disk» USE.INPUT.BLOCKING

NEWSCOURCE Qutput file fcr new source records when
€ NEW is specifiede. Default device =
Disks, &4 records/blcck .
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LIBSCURCE

LINESAVE

CODE_FILE

PARAM_FILE

MILXREF

CODE

ERROR_LINE

NOTES:

A=9

COMPANY CONFIDENTIAL

B1800/81700 MIL
P. S. 2212 5298 (E)

Input file for source recards wher 2
LIBRARY is encountered. Default device
= Disks, USE.INPUT.ELZCKING

A temperary work file containing a copy
of the listing.

A temporary worx file containing a copy
of the object code.

A temporary work file containing parame-
ters affecting the object code and the
listinge.

A temporary disk file containing infor-
mation to De processed during the cross-
referencing phase. The file is precduced
only if one of the SXREF cptions is
specified.

The actual generatecd ccde files This
CISK file <ccntairs a maximum c¢f 30C

180-byte records, and may contain enly -
ona area.

An auxiliary PRINTER or BACKUP file
replicating lines cn file LINE that have
caused syntax errors alcng wWwith the

.actual error sessagess if SERRORLFILE

has been specified. This allows the -
#ain listing to g¢ tc¢ printer backup
with an immediate indication of any
syntax errorse

3e The question mark (?) or an invalid character on 80
column cards the ampersand (2)s» and the doliar sign (%)
must appear in column 1 of the carde.

De The word LIBRARY or SYNTAX nust’appear after the word HIL
on the compile cards since the default compile and go is
not yet applicable to a MIL progras.

le LIBRARY means the object MIL file will be saved on
disk at the completion of a compile with no syntax
errorse.

2. SYNTAX ameans the chbject file will not be saved on
diska
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Ce . The T FILE carc(s) must acpoear after the 2 COMPILE card

Cut tefcre the cata deck for the CARCS files if presente.

ALL of the elements in the file statements rust Ce sepa-
rategd ty a3 space snd each statement Tdst ©te terminated
with 3 semicolon.

Qe 1f the ™ SOURCE™ or “NIWSOURCE™ file is to De a magnetic
tape file then the word TAPE shoulc apgcear on the file
card. Exaaple: :

()

FILE SCURCE NAME EBCSOR TAPE;

Qr
FILE SCURCE TAPE;

(V)

Qe If disk cartridge is used and there is prot ennough roos on
the system certridge for backug files etce» then some of
the compiler’s tenmporery files may te label equated to a
user pack using the file card. Exasple:

? FILE LINESAVE NAMNE MYPACK/LINESAVE/?

fe Cards with a 3 in coluan 1 are not transferred to the new
sourca file when $ NEW is specified.

Qe The MIL command FINI must te the last physical reccrd in

any source file. The word FINI must agpear in columpn 6
or greater on this reccrd.
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NOTE: This Appendix Will fcllow the hardware Dit numbering

ccnventions; Bits are nuwbered right tc left, 0 thrcugh

23. As noted eirliars, this is at variance with the soft-=
ware convention» wWwhere the most=significant {(la2ft=-amost)

bit in any register was identified in the MIL syntax as
bit C {(zeroc), the next most significant as bit 1, etce

Table B=13 Register Acddressing

SELECT (Column) NUMBER

0 1 2 3
C 1 TA FL X SUM 1
1 1 T8 FT Y CHPX
' 2 1 TC FLC T CMPY |
‘:} 3 1 TD FLO L XANY 1
4 1 TE FLE A XEDY 1
s 1 TIF FLF M MSKX 1
6 1 CA BICN B8R MSKY 1
GROUP 7 + C8B FLCN LR XORY |
(Row) 8 1 LA «TCPNM FA DIFF |
NUMBER § 1 LB RESERVED FB MAXS |
10 1 LC RESERVED FL *MAXM 1
11 1 LD  #PERR TAS u 1
12 1 LE XYCN cP *MBR i
12 1 LF XYST «MSHN DATA |
14 1 CC  sINCN READ CMND
15 1 CD RESERVED WRIT NULL I

% Available on 81720 systems only
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BICN
XYCN
XYsT
FLCN

*INCN

cc

CcD

NOTES:

de

be

de

€a

Table B=2: Condition Registers

Scftware 8its

0 1 2 3

i1 LSUY i CYF i1 CYC ! CyL i
'. - - - - - ' ------co------s - - A W > - ! ------c-‘--‘--'
I MSBX I X=Y 1 X«<Y 1 X>Y !
I LSuX 1 INY 1 Y NEG O 1 X NER O i
‘ .'-----------‘i‘---‘---------l--‘----‘-----‘-‘i LA A R L N R L K E ¥ E R ¥ _J l
I FL=SFL i FL>SFL 1 FL<SLF 1 FL NEQ © i
,-‘-----‘--‘---‘-----‘----‘---’ -‘--‘---_---‘-‘_! ............ --l
I PORT DEVYICE 1| PORT HIGH { PORT INTERRUPT 1| PORT LOCKOUT 1
I MISSING } PRIORITY i l 1
l-‘-‘---‘--‘---‘ .-----‘-------!‘---------- ‘‘‘‘‘ ! ------- -------x
1 STATE I TIMER 1 1I/C { CONSOLE ]
i LIGHT I INTERRUPT I INTERRUPT ! INTERRUPT H
1 MEMORY 1 MEMORY « | MEMORY * 1 MEMJRY « |
! READ DATA | WRITE/SHAP ] READ ADDR I WRITE/SWAP i
¥ PARITY ERROR J ADDR QUT COF § OUT CF BCUNDS 1 ADDR QUT i
1 INTERRUPT I BOUNDS OVER=- 1 INTERRUPT i OF BJOUNDS i
! 1 RIDE 1 i INTERRUPT H
3 2 1 e

Hardware Bits

»« Available on B1720 systems only

BICN» FLCN, INCN, XYST» anc XYCN are addressable as
source registers only.

The TOPM, MBR, and A registers are used to determine the
memory (control or amain) and dccation of the next
aicrginstructione

MSMA is controil memory and may be acdressed onty from the
maintenance Console during tape mode.

CPU is a destination register onlye.

NULL always contains a value of (. Any register or
scratchpad word to which it is moved will be cleared to

I
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31708 HARDWARE INSTRUCTICN ECSNMATS

BIAS

1 P I BIAS ! TEST CPL NEG O FLAG 1
! CODE I VARIANTS CV) 1 O = NO TEST 1
1 000C 00CC €011 | 0...7 ! 1 = TEST CPL RESULT 1
15 43 1 0

-

This instruction sets CFU to the value 1 if the value of FU is &
of 8 and to (0 otherwises, unless V = 2. If v = 2, the value of
the CPU is determined oy SFU in 41ieu of FU. SFU is the first &

Bits cf the scratchpad word S5CB. (Cn the E1710, FU = 8 will set
CPU = €.

The value of CPL is alssc set to the scallest of the values
denotea in the following table.

v VALUES

0 FU

1 24 or FL

2 24 or SFL

3 24 or FL or SFL

4 CPL v

S 24 AND CPL AND FL

6 CPL

i CPL (not defined on the B1710)

If the test flag equals 1 and the final value of CPL is nat O»
the next microinstruction is skippede
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(Availatte on £1720 systems only)

LEEEX R E LA N EE ERREE Y Y Y

I 0P CODE !
1 C0CO 00GCO0 COO0 0100 1

12 0

This instruction moves the 24-cit value from the L register to
the MBR register; moves the least significant 4 bits from the T
register to the TOPM register? and moves the most significant 2C
bits from the T register to the A registers, truncating the left
most & bits of the source.

‘BIY IESI BRANCH EALSE

hadad e At St B D D L D A R A L L R L R E L 2 K R B B R R R R R e LR L L Rl T T T T Y Y Y NSRS

1 gp ! REGISTER 1 REGISTER | REGISTER 1| CISPLACEMENT ! DISPLACEMENT 1

1 CODE 1t GROUP 2 I SELECT # 1 EIT 2 1 SIGN 1 VALUE
‘ 0180 1 0-00‘15 ‘ 0.--1 ] 0.0.3 ’ 0 - POSITIVE ‘ o.Qv‘}.S
] H 1 ! 1 1 - NEGATIVE 1

1S 12 1t 38 7 6 S 4 3

This instruction tests the designated bit within the specified
register and branches {relative to the next instruction) bty the
amount and direction of the signed displacement value if the bit
is 0. If the bit is 1, a3 displacement value of 0 is assumed, and
control passes to the next in-line M=instruction. A displacenment
value 1indicates the number of 165-bit words from the next in=line
instruction. A negative sign indicates Llower addresses in
control memory (backword displacewent). The maximum disclacement
is 15 microinstructionse.

NOTE: Register Bit # is read froam right tc ileft» 0-3 according
to the hardware bit nuabering convention.

0
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21X JE5I Z3A5CH IPBLE
1 3P | REGISTER 1 REGISTEZR 1| PFEGISTER | DISPLACEMENT 1| DISPLACEMENT !
I CODE 1 GRCLP ¢ 1 SELECT 2 1 2IT ¢ 1 SIGN ! VALUE l
i 0101 ! Caeels I Qeaal I Qeewl ! 0 - PCSITIVE ! Ce.el5 1
H I i 1 1 1 = NEGATIVE 1| !
1 12 11 7 & 5 4 3 a

This instructicn tests the designated bit within the srecified
register and branches (relative toe the next instruction) by the
amount and direction of the signed gispiacemsent vatue if the bit
is 1. If the bit is 0, a displacement value of Q0 is assumed», and
contrecl casses to the next in-line M=instruction. A displacement
value ingicates the nuater of 16-Lit words from the next in-line
instructione. A negative sign indicates lcwer addresses in
control memory (backworc displacement). The maxirmur displacement
is 1S microinstructionse.

NOTE: Register £Eit & is resc right to left, 0-3 according to
the hardware bit numbering conventicne

——— -

LA K N R L L P A REELEEELELELERERELREREESEREEELELEL L LERERXREZX]

i1 oP { DISPLACEMENT SIGN | DISPLACEMENT VALUE |

} CODE 1 0 = POSITIVE I 1
! 110 | 1 = NEGATIVE } 0ceahd95 !
15 13 12 11 0

This instruction fetches ¢the next wmicroinstruction from the
location obtained by adding the signed displacerent value given
in the instruction to the address of the next in-line microin-

structian.

A displacement value indicates the number of 16~-bit wordsa.
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SALL

1 oP i DISPLACEMENT SIGN | DISPLACENMENT VALUE |
! CO0E 1| C = PCSITIVC l |
I 111 1 1 = NEGATIVE 1 Caaes095 H
13 13 12 11 ¢

This instructicn pushes the address of the next in-line microin-
struction (already contzined in A register) intc the A stack and
then fetches the next microinstruction frcm the leccaticn obtained
by adding the signed displacement value giver ir the instructicn
to the address of the next in-line microinstruction.

A displacement value indicates the number of 15-bit wordse.

NOTES:

e EXIT», the opposite of CALL, is accczplishec by employing
the MCVE register instruction with TAS as the source
register and A as the sink register.

D. hhen the A ac¢dress is storec ir the A stacks, it is

muttiplied by 16 and stcred as a bit adcdresse.
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WD AR WS W WM W W @ W W A WS S WA e e LR T B N R )

I agp I CASSETTE MANIPULATE | RESERVED 1
1 CgoE I VARIANTS (V) { FLAG BIT 1t
I C0CC CCCC CO10 1 Q...7 I C..etl H

1S 4 3 1 Q

This instruction perforws the indicatad operation on the tage
cassette.

Start Tape

Stop Tagpe

Stop Tape if X NEQ Y
Reserved

Reserved
Reservecg

Reserved
feserved

“~N O NN D

ALl Stop Tape variants cause the tape to halt in the next avail=-
- able gape.

CLEAR REGISIERS
CAvailatle on E1720 systems only)

LA A B K B K XX E X 2 B B ¥ XN X X BN FELEYR]

1 oP ! REGISTER FLAGS |
1 CODE 1 8-BITS i
1 0000 0C11 I L TYXF FF C I
! . o ALU P
15 8 7 0

This instruction clears the specified register(s) to 0 if the
respective flag bit is 1.

e W —— WA o
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CCLNI EAZEL

D ARG D AR D G R D G AN AR W WS D GRS SR SR M S R U NN R ML AR WD WS WD W AN WD A WS

1 9P ¥ CCUNT ! LITERAL 1
1 CODE 1 VARIANTS (V) 1 I
I GOCC 0210 | Qeea? 1 0.ea031 1

15 87 S 4 0

This instruction incresents (cecrements) binarily the designated
register(s) by the value of the literal containeg in the instruc=

tion or by the value of CPL if the value of the lLiteral is 0O

Neither overflow nor underflow of FA is detectec. The value of

FA may go through its msximum value or its minisur value and wrap
arounde.

Overfiow of FL is not cetected. The value of FL may go through
its saximum value and wrap arocunde Underflow of FL is detected

and will not wrap arouncd. The value 0 is left in Fi.

Literal values (or CFL values if LIT=C) of 25 through 31 are
truncated to the value 24.

Count variants are as follows:

¥ = CCC No Count
001 Count FA Up
010 Count FL Up
€11 Count FA Up and FL Cown
. 100 Count FA Cown and FL Up
1C1 Count FA Cown
11C Count FL Dcun
111 Count FA Doun and FL Down
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(Requires a haraware I/5 su2system availsdle cr the 2172C only)

DA WS ML R M T W W W W D W G W W W W AR I W M D W WD MU W W YD A SE TR U WS SD R GD WML G W Gh N A W AR L M KD W W AN Y TS R A AR We e

i gpP | QISPATCH i SKRIP VARIANT

i CQRE VARIANTS i (applies anly to

1 00CC 0Q0CQ €001 000-LCCKOUT | lecckout variant)
001-WRITE 1 0=-SKIP IF ALREADY LOCKEL
010-READ 1 1=-SKIP IF NOT ALREADY LGOCKED
Q011-FREAD & CLEAR | _

100~-WRITE HIGH i

t 31801<-PGRT ABSENT

PR L R R B B X 2 X L ¥ R XL EE R EELLERRERERRELEEEREEETE R RIIEERE EREEIE R EE E R B T S N F E F R E R

1S 4 3 : T 9

et e -
e bt SRE Gas B s an

This instruction sands/receives jinterrupt arg interrupt 1informa=
tion to/from other portse.

Since the interrupt system is shared Dy all gorts» the processor
should gain control of the interrupt system by successfully
completing a3 LOCKOUT prior to 3 CISPATCH WRITE.

LOCKXOUT sets the lockout bit in the CISPATCH register and allcwss
via the skip variants skipping or not skiprping the n2xt 1S8-bit
instruction Dbased wupon the success cor failure (already set) of
the LOCKCUT. )

WRITE (High or Low) DISPATCH sets the Lockout and Interrupt flip
flops in the port interchange. It alsc stores the contents of
the L register intoc memory ltocation 0 to 23 and the contents of
the Lleast=-significant seven bits of the T register (designating
the destination port # and channel #) intc the appropriate port
interchange register. In a&ddition, it sets (Write High) or

resets (Write Low) the High Interrupt flig flop 1in the ogport
interchange.

READ DISPATCH stcres the contents of memory lccations 0 through
23 into the L register and the contents o¢f the Port Channel
register into the least significant 7 bits ¢f the T register.
The other 17 bits of T are unaffected.

READ AND CLEAR DISPATCH 1in addition tc vperforming the READ
CISPATCH operation clears the lockout flip flop, the two inter=
rupt flip flops and the Port Device Absent flip flop in the port
interchange. It dces not clear any memory locations.

PORT ABSENT is executed by the processor when necessary to return
a Port Device Absent level signal to another port indicating the
absence of the designated channel.
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Cisoatch operations in the cass of Pracesscr=2 ard Processcor
Adaoter=1 (direct connact to mamery) are izitec to tha foliow=
ings3

Ge LOCKCUT ¢ SKIP-Ir =NOT=ALREACY=LOCKEZS 3lways skiCcSe

Ce ARITE LCW elways sats Fart Device Atsent level true (true
indicates absence).

Ce READ ANLC CLEAR: always sets the Port Device Absent level
false (false incicates present)e.

No changes occur in the 7 and L registers. In the INCN register
only the Port Device ADsent bit can change. The Lockcut, the
Intarrupt, and High Pricrity bits will always be false. Mo other
dispatch operations are definede.

XIRACT ERQM RELGISIER I

WD DG G ST D SN GRS W WAL W T AN W W M W U W TS W WD e AP G W W s

i 0P I ROTATE I DESTINATICN |} EXTRACY !
I CCOE 1 BIT CGCUNT I REGISTER 1 8IT COUNT 1
l 1911 ' 0..02'\' ! 00 - X ] OQQQZ" ‘
1 f i 01 - Y | I I
! i I 10 - 7 1 !
i ! 1 11 - L I }

15 12 11 768 S &4 ¢

This instruction rotates the T register contents left by the
ROTATE counts extracts the bits specified and mcves the result to
the sink register. If the extract bit count is less than 24» the
data is right-justified with the left (most-significant) zero
bits suprlied.

The contents of the T register are unchangec unless it is also
the sink register.

A rotate value of 24 1is equal to 0 and is ecuivalent to a MD
OPERATICON.

NOTE: The microprograzaing assembler uses the left=most bit to
be extracted and calculates the rotate bit csunt tc be
used by the hargware circuitse The assembler addresses
the bits within the T register left to right as 0 through
235 ‘hardware addresses the bits right tc Lleft as O
through 23.
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EQUB=BIT MANIPULATE

AR AD W R A AR G G WD @ A R ER D A WD D AR D D WD D A AR W N US R UN AR RGN ED A W WD UD MDA GG MR W A e

1 CP I REGISTER I REGISTER 1 ¥ANIPULATE I LITERAL 1

1 CODE 1 GRCUP # 1 SELECT # 1 VARIANTS (V) 1 i
1 0011 1 Caeald 1 Ceawl I Seee? 1 Qeeel5 i
15 12 11 8 7 8 4 3 0

This instruction performs the cperation specified by the variants
on the designated register.

Vv = & The register is set to the value cf the literat.

1 The register is set to the togical AND of the register
and literal.

2 The reg
and lLit

ister is set to the logical OR of the register
erale.

3 The register is set to the logical EXCLUSIVE=OR of the
register and literal.

4 The register is set to the binary sum (modulo 16) of
the register and i{iteral.

S The register 1is set to the birary sum (moduloc 16) of
the register and literal? the next microinstruction is
skipped if a8 carry is groducede.

€ The register is set to the binary cdifference (modulo 16)
of the register and the literal. '

7 The register is set to the binary difference (modulo 16)
of the register and literal7 the next microinstruction
is skipped if s borrcw is producede

EXCEPTICNS:

\

BICN» FLCNs XYCN, XYST, INCN (B1720) and CPU (B1710) when speci-
fied as operand registers are not changed as a result of this
operaticn. However, the carry or borrow cutputs are produced and
a skip can result.
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£ALT

1 G2 CGB% H

1 CGCC 8030 08¢0 ol

1s 0

This instructicn stops the execution of the micrcinstructicns.
In RUN mode the next micrso to te exacuted is fetched and stcr=a
in the M register, and the A register crCoints tc the next
following micro. Ir TAPE mode the next micrc is not fetchaa ang
stored in the M r23ister, btut the HALT ricra is Left in the =
registere. )

The register indicated ty the register seiect switch will be
displayed.
LCAD E ERCM CQUELEPAZ HIRD

(Availaktle on 51720 systens cnly)

MO WG DB WEG WG MBI B WD WD G W ® W -

1 GpP I SCRATCHPAD l
! COCE I WCRD ADDRESS i
! GGCC Q00CQ €101 I 0...15 1
1S 4 3 Q

This instruction moves the contents of the A and 8 pertions of
the designated scratchpad word to the FA anc F3 registers rescec-
tivelye.
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MONIICR
(Availabls cn 21729 systems only)
1 QP CGRE 1 VARIANTS 1

I GQCC 1001 1 7, 8, C

Zs 49 35 2, G 1

W D NP P WS h AN W W W DN W UL AP WD WA T W W WD AL D AN A AR WS W W M A

13 g8 7 ¢

This instruction skips to the next sequential irstructione.

During the time this micro=-operator is executing the operator and
the Last two bits (0 and 1) 3re cacadeds

ANOed with the systam
clock and are present in the btackplane as follows:

MCNITOR .~ @ True for the 0P Code

MONITGCR QORC True if last two bits are 00
MCNITOR 0 1RO True if last two bits are Q1
MCNITGR 02RC True if {ast two bits are 10
NCNITGR 03RC True if last two bits are 11

At the Dbackplanes, the monitors are one-half clock frcm leading
edge to trailing edge.

MONE 8:-81T LIIERAL

AL E XX R AKX LD L E L 2 L ERE EXELE L 2RI}

| 1 0P 1 DESTINATICN 1 LITERAL 1

g I CODE | REGISTER 1 i

t 1 1CC0 1 GROUP 2 I 0...255 1

[ 1 I Ceeal5S t i
15 12 11 8 7 0

This instruction moves the 8-bit literal given in the instruction
to the

i

|

| sink register. If the move is between registers of
| unequal lengths» the data is right~-justifiec with left (most-
% significant) zero bits supplied.

%

|

1

|

EXCEPTIONS:

e READ and WRIT are excluded as sinkse.

oy Do When M is used as a3 sink register» the operation is
. changed to a bit=0R which modifies the next microinstruc-

tione It does not ascdify the instruction as stored in
REMOTY o ' . .

1

e

s
&
135
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MOVE 24-BIY LIYERAL

---------:-'------.------‘u‘n-.--------

I CP I CZSTINATICN | 24-8IT LITEZRAL |

} CODE | REGISTER ! l
1 10C1 ! GROUP 3 I CoeoMAX !
I I Ceeals i |
15 12 11 8 7 0

This instruction moves the 24-tij+ literal given in the double=
length aicroinstruction to the sink register. If the move is

between registers of unequal lengths, the literal is truncated
from the Left.

EXCEPTICNS:
e READ, WRIT, M and CP (E1710) are excludec as sinks.
be The MSMA register (available only cn the B1720) may te a

sink only in the TAPE modee

‘N0 QBERATIGN

1 QP 1
1 CODE L
i 00CO CCOO0 €000 0CO00 1

13 4 0

This instruction initiates a skip to the next secuential instruce-
tione
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AR @ W WS W AW W W W W w

!GP |
i CCCE i
1 CCCC COCU (000 Q€11 1

BB DD GG DU DD G DD .S ®

13 0

This instruction shifts the X register left while ccunting FL
down until FL = € or until th2 tit in X referenced by CPL = 1.

Zeras are shiftea intoc the rignt=-most end cof X.

CPL =1 references the right=mrcst it
ences the teft-aost bit of X. If CPL

continue until FL = 0.

of X while CPL = 24 refer-
= 0, ¢the operation witl

QVERLAY CGNIROL MENGRY
CAvailatle on E1720 systems cniy)

L L B X L ELEEEREPEEERER Y XY ERER ]

1 0P I
! COCE |
1 GGCO C0CO0 CO0GQ CC10

LA L L A L E X LR AL PP XL 2 X X3

15 0

This 1instruction overlays cocntrol rmemory (M=Memcry) from ®main
MEMOT Yo

The starting main memory address is in the FA registers the
Ltength of the data to be averlaids in bitss, 1is in the FL

register. The starting control mwmemory address 1is in the L
register., .

Execution of the instruction proceeds as followss

e The contents of the A register are moved to the TAS
register.

be The contents of the L register are wmoved to the A
registere.

Ce The first 16 Lkits of data are read from main memory and

stored in the control memory via register L. Register FL

temansn

O O PPV USSP o S i St i o 3
g A U LCVRBIRUER P S SRRV SPROUSIISFDRS NI TR TRIPEZC W SF - L S s
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is decremented by 16 bits> FA is increwented by 15 bits’
and A is incremented by 1 word.

de Step 3 is repeatad until FL = 0 or A > MAXM, at which
point the process terminates with a acve af TAS to A.
e The operation then cortinues with the next microinstruc-

ti0Na

READ/WRITE MEMORY

10P ! DIRECTICN I CCOUNT I REGISTER # | FIELD I MEMORYI
JCODE 1 O TC REGISTER 1 VARIANTS 1 00 = X I DIRECTION - 1t FIELD 1
10111 1 1 TO MEMORY 1 0esa7? 1 01 =Y 1 0 - POSITIVE | LENGTH!
! i 1 110 =7 I 1 = NEGATIVE 1| Q...26l1
1 ! i 111 =1L i 1 i
15 12 11 10 8 7 6 5 4 0

This instruction moves the contents of the register (memory) to
the measmcry (register). If the value of the memory field length
is lLless than 24» the data from memory s right-justified with
left (most-significant) 2zeroc Dbits supplied while the data fronm
the register is truncated fror the left.

The contents of the source is unchanged.

Register FA contains the bit adcdress of the memory field while
the memory field direction sign and memory field Length are given
in the instruction.

If the value of the memory field length as given in the instruc-
tion is O, the value in CPL is used.

Memory field Ulength values (aor CPL values if MFL = 0) of 25 and
26 are truncated to the value cf 24. When used on a WRITE oper~

ation» the value 25 and 26 cause odd and even parity respectively
to be written into memory regardless of the parity of the read

datae

For a description of the count variantss, see COUNT FA/FL.
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BEAC/NWRIIE MSM
{AQailable on 81720 systems anly)

TP PR PR E T REEEELEL R RENY EELELEEE R LY B X ¥ XY ¥y LR ]

1 0P ] YARIANTS 1 R/W VARIANT 1
i COO0E 1 6/8 1 H/F § S/N 1 0 TO X !
1 ¢0C0 C00C G111 1 1 1 1 1 FROM x 1

15 & 3 2 1 0

This instruction (1) moves the caontents of the X register to the
M=Mesory word specified by the address contained in the L
register if the R/W variant bit = 17 g3ta is right justified
with left (most significant) bits supplied or (2) =moves the
contents of the M=-Memory word specified by the address contained
in the L register to the X register if the R/W variant bit = 65
data is right justified with left (most significant) zero bits
supplied.

The lower & bits and the upper 8 bits of the address in L are
ignorede.

READ/WRITE MSM causes the A register toc be moved to the TAS
register and the L register to be moved to the A register before
the instruction is executede. The TAS is restored to A after the
READ/WRITE MSM gperation is cospleted.

The § variant is used to enabie the set/reset of the G/B and H/F
flip flopse If S = 1, the G/B and H/F flip flops are set/reset

by the G/B and H/F variants. If S = 0, no change is made in the

G/B and H/F flip flopsa

If the G/B flip flop is trues alt REAC/WRITE MSM operations wiil
force bad parity in the addressed wordes If the G/8 fligp flap is

false» all READ/WRITE NSM operations will force good parity in
the addressed worde.

If the H/F flip flop is trues the processor upon reading an
M-Mesory word cont3ining parity error will flag the error condi-
tion by setting a CD bit true. It will not halte. If the H/F
flip flop is falses the processor upon detection of a parity
error in reading an X-Memory word wiil flag the error condition
by setting PERR bit 1 true and then halte Reading an M=—=Memory
word occurs when fetching a M-gp froa M-Memery or when moving an
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M=Meaory word to any destinaticne.

The H/F and G/8 flip flops are cleared to zerc (faise) With the
CLEAR signale. If¥ S = 1, the G/8 and H/F flic flops are set/raset
grior to the executicn of the REAC/WRITE MSM¥ portion of the agper=
atione

REGISTER MOVE

LA R A R B R B B & E S S K & A X B E L L R X & X B 8 T X ¥ 2 B L X E R F T 3 F K T I B g P gy

1 QP 1 SOURCE | SOURCE I CESTINATION | DESTINATION I

1 CODE | REGISTER 1| REGISTER 1| REGISTER 1 REGISTER 1
| 00C1 ! GROUP # 1 SELECT # | GROUP # 1 SELECT # !
i 1 Caeel5 1 0...3 | 0o.l3 1 0...15 |
15 12 11 87 &5 4 3 0

This instruction moves the contents of the scurce register ta the
sink register. If the nmove is between registers c¢f unegual
Lengthss the data is right-justified with fteft (zost=significant)
zero bits supplied or the data is truncated from the left,
whichever is appropriate.

The contents of the source register are unchanged unless it is
also the sink registere

EXCEPTIONS:

de WRIT, CMND (and CPU» REAC on B1710) are excluded as
source registerse.

be Khen the M register is used as a sink in RUN or STGP
mocdes the operation is changed tc an bit=-0R which modi-
fies the next amicroinstruction. It does not modify the

instruction stored as stored in memcry. In TAPE modesr no
bit-0R takes place. -

Ceo BICN, FLCN, XYCN, XYST, . INCN, READ, WRIT, SUM, CNPX,
CMPY» XANY» XEQY» XEOR» MSKX» DIFFs MAX, MAXM» and U are
excluded as sink registerse ) ,

de U is excluded as 3 source register in the STEP mode.

e« ¥hen DATA (and SUM» DIFF on B1710) is designated as a
sources CMND, and DATA are excluded as sinkse.

fe On the B1710 when A» Ms CP» or DATA is designated as a
source, all 4-bit registers are prohibited as sinks.
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Ge On the 31720, when U or CATA is designated as a source

-~ and when the next wmicro is ¢to be obtained from main
memory, M is excludead ss a sink.

1 0P I REGISTER 1 REGISTER § CIRECTICN ! SCRATCHPAD | SCRATCHPAD |

1 CCDE ¢ GROUP # 1 SELECT 2 ! C-TO I WORD 1 WORD ' i
1 0010 )} Q..e15 1 Geadd I SCRATCHPAL ! O-LEFT WORD | ADCRESS !
i 1 1 1 1-FRONM I 1-RIGHT 1 Qeeel5 i
i 1 ! I SCRATCHPAD 1} WORD ! !
15 12 11 87 6 5 4 3 ¢

This instruction moves the contents of the register (scratchpad)
to the scratchpad {(register). If the move is between fields of
unequal lengths, the data is right-justifiec with Lleft (mcst-
significant) zero bits suppliea or the data is truncated from the
left, whichever is apprcpriate.

? '[} The contents of the source register are unchanged.
T EXCEPTIONS:
de khen the M register is used as a sinrk» the operation is

changed to & bit=-0R which modifies the next microinstruc-
tione. It does not modify the instruction as stored in
mesory.

‘ b. BICN, FLCN, XYCN, XYST, INCN, READ, WRIT, SUM, CMPX,
| CMPYs XANY» XORY» XEDY» MSKXs MSKY», CIFFs MAXSs MAXM and
j U are excluded as sink registers.

; Ce WRIT, CMND (and CPU,» REAC on E1710) are excluded as
% source registers.
i de U is excluded as a source in STEP aoade.

e- On the B1710 M as a source results in a transfer of 24

Zerose.
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SCRAJICHPAD SELATE EA

L TR ENFRELERE LR YR P EEERERERERELEEELEREREEREREIL LY E T T RFE PPN YRR R PR Y

1 op { RESERVED 1 SIGN OF | LEFT HALF AODRESS 1
| CODE 1 1 0 = PCSITIVE | OF A SCRATCHPAD WORD I
1 00C0 1000 1 000 1 1 = NEGATIVE 1 0eullS i
15 8 7 5 P 3 0

This instruction replaces the contents of the FA register by the
binary sum of FA and the left half the specifiecd scratchpad word.

Neither overflow nor underflow of FA is detectede. The value of
FA may go through its maximum value or its minisum value and wrap
arounde.

SEI CXE

i QP . I SET 1
1 CORE 1 VARIANTS (v) i
I €000 00CO 0110 1 1,25%408 i

15 4 3 Q

This instruction sets the carry flip=-flop as specified by the
variantse.

¥ =1 Set CYF to O
2 Set CYF to 1
4 Set CYF to CYL (carry total froam suas) )
8 Set CYF to CYD (carry borrow from difference)
NOTES: -
Qe CYL is generated under the control cfvthe length in CPL.
be CYF 1is an input to the arithmetic locgic along with the X

and Y registerse. CYF is the left-sost bit of the CP
portion of the C register.
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M OMD G OGN PO DTSN T DDW T DT DU MM D WG G WD WD WM MWW G T WA A W A WA W W AR

! 0P 1 DESTINATICN 1 CESTINATICN | SHIFT/RCTATE 1 SHIFT/ROTATE |

I €O00E | REGISTER I REGISTER 1 0 = SHIFT ! BIT COUNT !
I 101C § GRCUP ¢ 1 SELECT » 1 1 - RCOTATE I Ceaelb l
i i Ceeals ] Oeaad 1 _ I

13 12 11 8 7 6 S 4 0

This idnstruction shifts {rotates) register T left by the nunrber
of bits specified and then moves the 24=bit result to the sink
registere. If the move is between registers of unequal lengths,
the data is right=justifieds, with data truncatec from the left.

The contents of the T register are unchangec¢ unless it 1is also
the sink register.

Zero fill on the right and truncation cn the left occurs with the
; shift operatione ROTATE is an end=around shift with nae trunca=~
tion or fill.

If the wvalue of the SHIFT/ROTATE CCUNT as given in the instruc-
tion is C» the value given in CPL is used.

EXCEPTICNS:

de hhen the M register is used as a sink register, the oper=
ation is changed to a bit=0R which modifies the next

microinstructione. It does not modify the instruction as
stored in meaory.

be BICNs, FLCNs XYCNs» XYST, INCN, READ, WRIT» SUM, CMPX,
CHPY» XANY, XEOY, XCRY, DIFF» MAXS, MAXM and U are

excluded as sink registerse.
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SHIFT/RCIAIL REGISTERS XY LEFT/RIGHT

i 0P I SHIFT/ROTATE | SHIFT/ROTATE 1 SHIFT/ROTATE ¢
I COBE I VARIANT I DIRECTICN I BIT |
1 CO0CC 0101 1 0 = SHIFT I VARIANT 1 COUNT }
1 I 1 - ROTATE i 0 - LEFT I Ceeot8 1
] 1 ' 1 1 - RIGHT ! !
15 a 7 -] 5 0

This instructicn shifts (rotates) register X and Y left {right)
by the number of bits specified. The register X is the left=-most
(most=significant) half of the concatenated 48-bit XY register.
Only a count of one aay be specified on the E1710 for the concat-
enated XY register.

Zero fill on the right and truncation on the left occcurs with the

left shifte. Zero fill on the left anc truncation cn the right
cccurs with the right shift.

SHIEY/ROIATE REGISIER XY LEFT/RIGHT

- A MR AR DR WD ARG TR Y G W WS AR T D D N D R D UD D S G U D T GR W WS O N D S DD NP CE G WP B WS R W A I WS OB R A W W WS

i1 OP } SHIFT/ROTATE I SHIFT/ROTATE | X/Y I SHIFT/RJTATE 1
1 COOE 1 YARIANT I DIRECTION I VARIANT i 317 1
i C0CC 0100 1 0 = SHIFT 1 ¢ - LEFT 1 0 - X REG 1t COUNT 1
! 1 1 - ROTATE 1 1 - RIGHT 11 =Y REG | Qeae24 1
15 8 7 6 5 ] c

This instruction shifts (rotates) register X or Y left or right
by the nuaber of bits specified.

Zero fill on the right and truncation on the left occurs with the
left shifte. Zero fill on the left and truncation on the right
occurs with the right shifte.

(

.
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SKIB WHEN

§ OP ! REGISTER | REGISTER 1 SKIP TEST I Masxg 1

I COCE 1 ROW # I COLUMN 2 1| YVARIANTS (V) | CeeelS |

] 0110 | Qeee.15 1 Qeeol 1 Qeee? 1 !

15 12 11 8 7 6 4 3 0

This instruction tests aonly the bits in the register that are
referenced by the 1 bits in the mask and ignores all cthers. it

then perforas the actions specified below. Excepticn: If v =2
or V = 6, it compares all bits for an equal conciticn.

vV =0 If any of the referenced bits are 1%s, the next
M=instruction is skipped.

1 If all of the referencec bits are 1's», the next
M=instruction is skippede '

2 If the register is egqual to the masks skip the
next H-instruc:ion,

[*Y]

This is the same as ¥ = 1, but the referenced bits
are also cleared to 0 without affecting the non-ref-
erenced bitse.

4 1If any of the refererced bits are 1%s, the next
M=instruction is not skippede.

S If all the referenced bits are 1%ss the next
M-instruction is not skipped.

6 If the register is equal to the aasks, the next
‘ M=instruction is not skippede .

7 This is the same as V = 5» but the referenced bits
are also cleared to 0 without affecting the non-ref-
erenced bitse.
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NOTES AND RESTRICTICNS:

de If the mask wequals C000 the ANY result is false. The
skip is made for V = Q0 and is not made fer V = 4. If the
mask equals 0080, the ALL result is true. The skip is
made for V=5 anc V=7 anc is not made fcr V=1 and V=3.

be BICN, FLCN, XYCN, XYST, and cannot te cleared with V=3 or
V=7. However, thay can be tested.

SICRE E INIQ DOUBLEPAD HORD

(Available on 81720 systems only)

"Teocaceoeoccaceowewwew WG EW G NGV -® S

I 0P I SCRATCHPAD |
i CODE ! WCORD ADDRESS 1
1 CCCC 0000 C1C0 1 0ee.15 1
15 ' 4 3 Q

This instruction moves the contents of the FA and FB registers to
the designated scratchpad word. FA is transfered to the A half

of the scratchpad words and FB (which contains FL, FT, and FU) is
transferred to the B scratchpad worda

The contents of FA and FB remain unchargede.

3HAE E ¥ITH DOUELEFAD XCRD

!

G AW AR D AN D D D RN DD WD D D) R SRR G N ARG A W W W W W DU D W e

1 3P I DESTINATICN 1 SCURCE !
1 cgee I 48-BIT 1 48-BIT 1
I COCO 0111 t SCRATCHPAL | SCRATCHPAD |
. | 1 WORD § WORL i
L] . ! 0..015 I Qeeels A
15 8 7 43 0

This instruction moves the contents of the FA and FB registers to
@ harduware holding register. It alsc moves the contents of the
left and right word of the source scratchpad word te the FA and
FB register respectively, and soves the contents of the hardware
holding register to thq destination scratchpad wcrde
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SHAR MEMCRY
(Availatls on £1720 systems cnly)

D D AP D W D R R U WD EL Th WD GE ND NS D AL G B AR WD VD G A NS W W AR WD W W D RGN WD S T WS NS WD W W WS NS W W

1 OP ] REGISTER # 1 FIELC I MEMORY

1

1 CODE 1 00 = X ! DIRECTIGN ] FIELD I
1 COCO 0Q10 ¥ 01 = Y 1 0 - POSITIVE | LENGTH 1|
1 110 =T I 1 = NEGATIVE 1 0...24 1
1 111 =1L ! ! 1
15 a7 6 5 4 g

This instruction swaps cata froe main memcry with the data in the
specified register. If the value cf the memory field is less
than Z4, the data from memory is right-justifiec with laft (mecst-
significant) 2zero bits supplied. The data frcm the register is
truncated from the left before entering meccrye.

Register FA contains the absolute binary address of the main
3 memory field while the field direction sign and field is given in
;‘:} the instruction. ‘

If the value of the memcry field length as given in the instruc-~
tion is 0» the value given in CFL is used.
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The time required tc execute 2 set of MIL instructions is depen=
gent oan a nuaber of factorse The three most 1imgortant factors
are: the number of clock cycles reguirsa tc exacute 3 particuiar
microinstructions the number of clock cycles reguired to execute
variocus conmbinations c¢f a@icroinstructionss and the type of
processor usede

The time required tao execute a particular nmicroinstruction nmay
also depend on the registers used. Fer examcles 3 register rove
on an M-2 processor may normally take cne clock cycle. If O0QATaA
is used as 3 source then the irstructicn takes two clockse If U
is a3 scurces then the instruction takes three claockse. If MSH,
TOPM» or A is the cestinaticn ther the instruction takas one
additional clocke If CATA or CMND is the cestination, then the
instruction takes two additional clcckse If the instructicn is

fetched from S=-memory then five additicnal clccks are needede

The time required to execute ccmbinations of aicroinstructions
may Dbe more or less than the time required tc execute each
micrcinstruction. Certain pracessors have been designed tc run
some instructions in 3 concurrent mode. Fer mcre cdetails on how

these instructions overlap please see the product specificaticn
for the processor in question.

The following 1is a List of hardware micrcinstructions with the
nuaber of clock cycles requirec for each instructicn where the
instruction is contained in M-memory. In gerneral, five clock
cycles are added for instructions fetched frcm S-memory. Faor
more detail please see the product sgecification for the
processcr in questione.
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Table B=6: HARDWARE M=INSTRUCTION TIMES
FOR 81710 and 81720 (M-2) PRCUCESSORS

81714 Clock Speed B1720(M=2) Clock Speed
4 megahert:z & megahertz

M=INSTRUCTICN

BIAS

BIND :

BIT TEST BRANCH FALSE
BIT TEST SRANCH TRUE
BRANCH

CALL y

CASSETTE CONTROL

CLE AR REGISTERS

COUNT FA/FL

DISPATCH LOCKOUT
DISPATCH PORT ABSENT
DISPATCH READ

OISPATCH READ AND CLEAR
DISPATCH WRITE

EXTRACT FROM T

FOUR=-BIT MANIPULATE
HALT

LCAD F FROM DOUBLEPAD WQORD
MONITOR A

b CLCCKS
1
i
1
1
1
i
i
i
i
i
i
I
i
l
!
i
i
!
i
MOVE 8-BIT LITERAL R |
1
1
i
i
|
L
|
1
i
i
]
i
]
1
!
i
i

2

CLOCKS

L &S NBENNS

MOVE 24-BIT7 LITERAL
NO CPERATICN
NORMALIZE

NOMN 8 NN W
Pt (e ot e b a b (DO OY R ON s pd s D) N K s (NS

7/BIT
SHIFTED

i
H
1
i
1
i
]
1
i
i
!
i
!
1
1
!
i
i
1
1
i
i
i
I1#2 of BITS
I  SHIFTED
OVERLAY M~MEMORY 1
{Direct Connect) 1
OVERLAY M=-MEMORY 1
{Pcrt Connect) 1
READ (Birect Connect) i
READ (Port Connect) i
READ/WRITE MEMORY 1
READ/WRITE NSM i
REGISTER MOVE ]
SCRATCHPAD MNOVE 1
SCRATCHPAD RELATE FaA §
SET CYF 1
SHIFT/ROTATE T LEFT i
SHIFT/ROTATE XY LEFT/RIGHT 1 |
SHIFT/ROTATE X/Y LEFT/RIGHTI 1
SKIP WHEN ] 1
STORE F INTO DCUBLEPAD HWORDI i
SWAP F WITH DOUBLEPAD NWORD 1 ]
SWAP (Direct Connect) i
SHAP (Port Connect) }
WRITE (Direct Connect) i
WRITE C(Port Connect)
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NOILS ECR 3171C SYSTEMS:

E I [f CPU=C1 and the saurce register is SUM, LIfF 2r ZICN,
adc one clccka

b, If A is the desginatiaon register, a3dd twc clockse

Ce If U is source» this operation may tske several‘clocks.
de If in TAPE modes this cperation may take several clockse
e If FL goes tc zero, adc two clcckse.

fo If MS3X=1, then this operation will take fcur clockse

Ce If tranch or skip is takers add twao clockse

NQIES ECR 51720 M=Z2 BRLCESSORS:

I If ¥3M» SUM or DIFF is the scurce register, add one
clocke.

be If DATA is the source registers add two clockse

Ce If U is the scurces this operaticn wmay take several
clocksa

de If 4 is the destination with A cut=-cf=bcundss this gper-

ation always takes one clocke

e If MSM, TOPY¥ or A is the destinaticns cor if MBR is the
gestination with A out-of-bDouncss, acd ore clocke If DATA
or C¥ND is the destinaticn, add two clockse

fe If the previous operation was a WRITE into scratchpad,
add cne clocke

ge If A or MSK is the destinations, add one clocke

he If TAS is the destination with A out-of-bounas, add five
or six clockse

Ve If A is cut~-cf-bounds anc TAS is nrot the destination,
this operation will take two plus five ¢r six clockse
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jeo If first portian cof instruction is aligned an cdd 1&=-bit

le

Tw

Na

Pe

memory boundary, this cperaticn will take two plus five
Or six ciockse.

If the next cperation is = memcry cyclas 3dd fcur clockse
If the next operation is 3 mnemory cycles add six clocks.
If a branch or skip is takens, add ore clocke.

If BICN, FLCN» XYCN, orf XYST are used, add cne clock.

If the number of words zoved is odd» éac twe clecckse.

If the number of words moved is odd, adc 2.5 clecksa
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ecearw vV VI

A

ABSOLUTE
ADD
ADDRESS
ACJUST

ALL

AND

ANY

ANY JINTERRUPT
AS

ASSIGN
ASTACK

AT
BACKWARD
BASE.LIMIT

CN
gue

BEGIN

BIAS

BICN

BITS

BR

BRANCH
BRANCH.EXTERNAL
BY

CA

CACHE

CACHE .A
CACHE.B

CALL .EXTERNAL
CARRY
CASSETTE

CaAT

CE

cc

CcD

CHARACTER
CLEAR

CMND

CMPX

CMPY

CODE .SZGMENT
CODE.SEGMENT NUMBER
CCMPLEMENT
CONSCLELSWITCHES
CONSTANT
CCUNT

Cp

CPL

CPU

cYd

‘CYF

cyL
CATA

C-1
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CATALLENGTH
CATALTYPE
CATALUSAGE
CEC

DECLARE
DEFINE
DEFINEL.VALUE
CIFF '
DIFFERENCE
DISPATCH
DCWN

CUMP
ECHOL.ADDRESS
ECHO.LCATA
ECHC.PORT.ADAPTER
ELSE
EMIT.RETURNLTOLEXTERNAL
END

ECR

ECL
EVENJKEY.PARITY
EXIT

EXTRACT

F

FA

FALPOINTS
FALSE

FE

FINI

FIXED

FL

FLC

FLCN

FLD

FLE

FLF

FOR
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HEX.SECUENCE.NUMBER
HI.PRICRITY
HIPRI

IF

INC

INCLUDE
INCN
INTERRUPT
INTO

ICRG

JUMP
KEY.DATA

L

LA

L3

LC

LD

LE

LEFT
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1y

LENGTH.BETWEENLENTRIES

LEQ

LF

LIY

LOAD

L3AD .CACHE
LOAD.MSMA
LCAD.SMEM
LOCAL.DEFINES
LOCATICN
LOCK
LOCKED

LICXCUT JIEH

LA FeRP

L3zX PLUS

L3ZY PCINT

LSS “C0RT

L3UX PROGRAMLILEVEL
LSUy READ

b READ.CLEAR.ELGS
MJMEMORYLECUNCARY READLDIRECT
MACRC

MAKE SSEGMENT.TABLELENTFRY

MAXINUM

MAXM READLPORT.LATCH
Maxs REDUNDANT.COPDE
MICRC REMAPS
MINIMUM RESERVELSPACE
MINUS RESET

MCT REVERSE
MCNITGOR RIGHT

MCYVE ICTATE
MCVELNAND : S

HSEX S.MEMORY.LCAD
MSKX SEGMENT

MSKY SEGMENTLCOUNT
MSMA SET

MSML SFL

MSSHK SFU
NANOL.FIELCD SHIFT

NEGQ SXIP
NEWSEGMENT SPACE
NC.OEVICE START
NCCEVICE sToP

NGQF STORE
NCRMALIZE SUBLTITLE

NCT SUBTRACT

NULL SUM

CR SHAP

OVERLAY SC

PAGE SOA
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SG3
Sl
S1A
313
s1e
S104A
SiCo
S11
SIi1A
S118
S12
S12A
Siz28
s12
S132A
S133
S14
S144A
S48
S13
S1S5A
S$158
s2
S2A
S2e
SIA
S38
S4
S4A
S4B
SS
S3A
S58
Sé
S8A
S68
S7
S7A
S78

S8
S84A
Sc8
SS
S5A
SSE

T

TA
TAEBLE
TAS
T8

TC

TC

TE
TEST
TF
THEN
TIMELREGISTER
TITLE
TC

- TGLAYS.CATE

TOCAYS.TINME
TCPHM

TRACE
TRANSFER.CONTROL
TRUE

UNIT
UNLOCKED

up

YALUE
VERIFICATICN
WHEN

WITH

HRITE
WRITELDIRECT
WRITE.STRING
X

XANY

~ XCH

E R o St dy
e i, SN S i oot st o i S il . B i 0 S i B
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XECY
XCRY
XY
Yo
XYST
Y

g
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INDEX

ACTIVE REGISTERS 8-10

ADD SCRATCHPAD 9=2

ADDRESS (A) REGISTER =11

ADDRESS (A) STACK 8-11

ADJUST -3

ADJUST ADDRESS 9=4

ALPHABETICAL LISTING OF REGISTERS AND KEY CCNCEPTS
AMPERSAND CARD SEMANTICS: A-6

AMPERSAND CARD SYNTAX: A=5

AND §=5

ANY.INTERRUPTY 3-20

APPENDIX B: HAROWARE INSTRUCTICN FCRMATS AND TABLES
APPENDIX C: RESERVED WCRDS AND SYMBOLS -1
ARITHMETIC EXPRESSIONS 4-10

ASSENMBLY CODING FORM 10-1

ASSIGN §=7

BASE (BR) AND LIMIT (LR) REGISTERS 3-i1
BASIC COMPONENTS OF NMIL 4=-1

BEGIN 5-8

BIAS 9-10, B-4 :
BINARY CONDITIONS (BICN) REGISTER 8=-19
BIND g=-5 ,

BIT TEST BRANCH FALSE B-5

BIT TEST BRANCH TRUE E=6

BRANCH g-6

BRANCH.EXTERNAL 9=-12

81700 HARCWARE INSTRUCTICN FURMATS B4
B170C HARDWARE TABLES B-1

CALL 9=13, B=7

CALL.EXTERNAL 9=14

CARD TERMINATORS 4-6

CARRY §=-15 N

CASSETTE 9=-16

CASSETTE CONTROL 8-8

CHARACTER STRINGS 4-8

CLEAR =17 '

CLEAR REGISTERS g-8

CMPX RESULT REGISTER 8=-14

CMPY RESULT REGISTER g8-14
CODE.SEGMENT 9=19

CODE.SEGMENT STATEMENT 5-3
COMBINATORIAL LOGIC CR FUNCTION BCX g-13
COMMAND REGISTER (CMND) 8-18 '
COMPLEMENT 9-20

CONDITICN REGISTERS 8-18

- a
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8=-4

B-1
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CONSCLZz CASSETTE TAPE INFUT (U) REGISTER 8-17

CONSCLE.SWITCHES 3-17

CONSTANT REGISTEIRS 8-18

CONTRCL (C) REGISTER g=12

CONTSCL CaRDs A=1

COLNT 9-22

COUNT FasfrL c=3

DATA REGISTER =13

DATA TYPgS 7=-1

OATALLENGTH 4=9

JEC 9=24

DECLARATICNS 7=1

CECLARE §=25

CECLARE EXAMPLES 7-1¢C

CECLARE STATEMENT 7=1

CEFINE §=2Z¢

DEFINE.vALUSE =27

CEFINED FIELD CCNCEPTS 2=2
0IAG.LOAD.CACHE §-28

DIFFERENCE RESULT REGISTER (DIFF) 8=15
oISPATCH §=29, 8=1C

DOLLAR CARD SEMANTICS: A=2

COLLAR CARD SYNTAX: A-1

COUSLE SCRATCHPAD WORDS = 48 BITS EACH 8=-16

ECHOLADDRESS 9=-32

ECHOLDATA §=33
ECHO.PCRT.ADAPTER 5~34

ELSE 9-35
EMIT.RETURN.TOLEXTERNAL 9-386

END =17
EOR 9=-39
EXIT 9=41

EXTRACT §=42
EXTRACT FROM REGISTER T B8-11

FALPCINTS  9=44
FIELT (F) REGISTER 8-10

FIELD LENGTH CONDITIONS C(FLCN) REGISTER 8-22
FINI  9-46 -

FOUR-BIT MANIPULATE B~12

GO TO = S-47
HALT 9=-48s 85=13

IDENTIFIERS  4-3

IF  9-49

INC  9-55 |
INPUT/QUTPUT REGISTERS 8-17
INTERNAL FILE NAMES A-3

INTERPRETATION OF THE VIRTUAL LANGUAGE 2=2
INTERRUPT CGNDITIBNS CINCN) REGISTER 8=22
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INTRCOUCTION 1-1 ‘ )
JUMP §=-S8

LA3EL ACORESESES g=1

LASELS 4=3
LENGTHL3ETHEENJENTRIES 4-9
LIT $=-58

LITERALS 4=9

LOAD §-S93

LOAD F FRCM CJQUBLEPAD WGRC 3
LOAD.CACHE 9=-60

LOAD .MSMA §=62
LOAD . SMEM 9-64
LOCAL (L) REGISTER g-19

LOCAL.DEFINES 9=-65

13

MJMEMORY .3QUNDARY g=-73
MACRO dectaration g=-87 -

MACRO reference $=-70

31300/8170C MIL
S. 2212 52%8 (1)

MAIN MEMCRY ADDRESS CUT CF 3CUMNDS CVYERRIDE 8=-21

MAIN MEMCORY READ PARITY ERROR INTERRUPT 8=21
MAKE.SEGMENT.TABLE .EANTRY 9-72¢ :
MAXIMUM CTNTROL MEMORY REGISTER (MAXM) 8=-17
MAXIMUM MAIN MEMORY REGISTER (MAXS) 8=-1%6
MEMORY 8BASE REGISTER (MER) 8=-12

MICRO 5=74

MICRCINSTRUCTION (M) REEISTER 8§=-11
MICROINSTRUCTION TIMING B=27
MICRCINSTRUCTIDONS 2=-1

MICROPRCGRAMFKING CCNCEPTS 2=-1

MIL STATEMENTS 9-1

MONITOR §5-76» B-14

MOVE 9=-77

MOVE 24-BIT LITERAL g-15

MOVE &8-8IT LITERAL B-14

MOVE . NAND 9-79

MSKX RESULT REGISTER &-14

MSKY RESULT REGISTER g-14

NO CPERATION  B=-15"

NON-STRUCTURED DECLARATIONS 7-2
NOP 9-80

NORMALIZE §-81
NORMALIZE X 8=-186
NULL REGISTER 8=-17

R g=-82 :

ORGANIZATION OF FIELDS AND SUBFIELDS 8-24
CVERLAY 9=-84

OVERLAY CONTROL MEMORY B-16

PAGE  9-8S |
Physical .code.address - 6=t



el e

IX=4

BURRQUGHS CCRPORATICN COMPANY CONFICENTIAL
COMPUTER SYSTEMS GRCUP 81300/31700C MIL
SANTA 3ARBARA PLANT P. S. 2212 523%8 (&)

Physical.labei s=1

POINT §=-36

PROGRANM EXAMPLE: 10=2
PROGRAMJLEVEL G=87
PRCGRAMMING TECHNIGUES 1C=1

READ G=88

REAC ADDRESS CUT CF BCUNCS INTERARUPT 3=-21
READLCLEARL.ELOG 5=31

READLDIRECT 9=52

READLELCG g=62

READ LPORTLLATCH 5=54

READ/KRITE MEMQORY g=17

READ/WRITE MSM 8-18

REDUNDANT.CODE 9-95

REGISTER DESIGNATICNS AND AREAS OF APPLICATICN 8«23
REGISTER GROUPS 3=1

REGISTER MOVE 3=19

REGISTERS AND SCRATCHPAC 8=-1
Regular.lsbele. 6-1

RELATED DCCUNMENTS 1=-1

RESERVEL.SFACE G=356

RESET $=937

RESULY REGISTERS 8-13

ROTATE $=9§

S.MEFCRY.LOAS §~-10C8

SCRATCHPAD 3=1%6

SCRATCHPAD MGVE E~20

SCRATCHP AD RELATE FA E~21

SCRATCHPAD WCROS = 24 BITS EACH 8-16
SEGMENT $=100

SEGMENT STATEMENT =2
Segment.code.address €=1
SEGMENTATION 6=1

SET §=-101

SET CYF B-21 :
SHIFT/RCTATE REGISTER T LEFT g=22
SHIFT/RCTATE REGISTER X/Y LEFT/RIGHT B=23
SHIFT/RCYATE REGISTERS XY LEFT/RIGHT B-23
SHIFT/ROTATE T 9-103

SHIFT/RCTATE X/Y/XY $-105

SKIP §-106 S

SKIP WHEN B=24

STANDARD EXECUTION DECKS A=7

STORE 9=-109

STORE F INTC DOUSBLEPAD WORD E-25
STRUCTURE OF A MIL PROGRAM 5-1
STRUCTURED DECLARATIONS 7-5
SUBLTITLE 9=-110 S

SUBTRACT SCRATCHPAD 9=-111

Lo SUM RESULT REGISTER 8=14

o SWAP 9-112

SWAP F WITH DOUELEPAD WCRD 8-25
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LI

SWAP MEMCRY B=28
SYNTAX CIAGRAMS  2=1

TACLE 5-113

TAS (TGP CF ADDRESS STACK) §-12

TITLE §=115

TOP CF CONTRCL MEMCRY (TCPM) RECGISTER 8=-12
TRANSFERLCONTROL 5-116

TRANSFORM (T) REGISTER 8-19

VIRTUAL-LANGUAGE DEFINITIONS  10-1

WRITE 5=-117

KRITELDIRECT 9-119

WRITELSTRING 9-120

WRITE/SWAF ADDRESS QUT CF BOUNCS INTERRUPT §=-22

X ANC Y REGISTERS g=1¢

XANY RESULT REGISTE 8-13

XCH g=122 ‘

XEQY RESULT REGISTER =14

XORY RESULT REGISTER =13

XY CCNDITIONS (XYCN) RECGISTER. §=-19
XY STATES (XYST) REGISTER. 8-15



