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COMPANY CONFIDENTIAL 
P.S. Z21Z 5298 

The Burroughs Micro Implementation Language (MIL> fs a sy,bolic coding 
technique that makes available all the capabilities of the 81700 
Processor. The MIL compiler•s machine tang~age output ii ready for 
execution directly upon the hardware. The user. however, must be 
prepared to programmatically control the total environment including 
bootstrap loading, interrupt servicing, and potential machine 
malfunctioning <e.g.~ parity error detection>. 

To use MIL properly and ef f1ciently~ the programmer must have an 
extensive knowledge of the available regjsters and their capabilities. 
This product specification describes the registers, the syntax and the 
seman.tics of the MIL language and may be used to write programs 
without prioi knowledge of the system. 

RELATED DOCUMENTS ------- ·------~-

A description of the Input/Output subsystem and the I/O descriptors as 
wetl as more detailed information about the regist9rs can be found in 
the 81700 Systems Reference Manual <form 1057155). 
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Microprogramming is a method for programming a computer hardware 
architecture. The microprogrammer is concerned with.machi~e registers 
which were formerly the domain of· the hardware systems designer. 
Strings of microinstructions manipulate those internal~ registers to 
present an outward appearance of system hardware which is more 
functional for problem-oriented programming. In most machines now in 
the market placeP read only memories CROH's> contaiB aicroprograms 
which convert the unique internal environment of several different 
processors into a standard assembly language. Once created~ the 
microprograMs are unalterable and may contain coMpromises in 
efficiency because of a limited hardware instruction ~et. 

The Burroughs Bt700 system makes use of the late$t technology to 
implement a writable control memory and has several microprograms
each optimized for the functions it wilt perform. The virtual system 
architectures chosen have been those of the standard <COBOL and 
FORTRAN>~ problem-oriented~ co~piler languages. Other microprogrammers 
may choose architectures and create languages optimized for other 
purposes. 

HICRO!NSTRUCTIONS 

A microinstruction is the smallest programmable operation within the 
system. Each microinstruction ·ts fetched from control memory and 
decoded in the <micro> register to be directly executed by the 
hardware. 
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Special hardware. called a field Isolation Unit# has been implemented 
to achieve bit addressability and variable length fields and to 
automatically increment addresses. This allows maxi~um flexibility in 
defining data fields and resolves the problem of packing .and unpacking 
data fields across hardware container boundaries. 

INTERPRETATION or THE VtRTUAl LANGUAGE 

The traditional approach to supporting a higher-tevel lan~uage ts to 
translate the source statements as writt~n by the progranmer into 
another language either direetly recognized by the hardware. <a.g., 
machine object code> or easily translatable into the machine object 
code <e.g~p an assembly language)o An atternate technique ~s the 
interpretive execution for each source statement with a loqically 
equivalent routine in some tower-level language. A microprogrdmmed 
system offers the opportunity to combine the best of both methods. The 
source statements in the higher-tevel language are translated into a 
virtual system code by a compilation process. This system code. also 
called sucode or s-tanguage~ very closely resembles the original 
source language. Microinstruction routine~ then interpretively execute 
oach virtual language statement. The results are: 

a faster compilation 

a sy~tem architecture. as expressed in the set of 
microroutines~ which is optimized to the source language 

a reduction in the processor time required to perform the 
logical equivalent of each sourc$ statement 

a reduction in the memory space -required to encode each 
source language operation 
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A s~t of microprogrammed routines is called an interpreter and 
effectively creates a virtual system architecture for the source 
tan~uage being executed. That is, when· the COBOL interpreter is 
executing~ the system is effectively ~ COBOL ~achine. When the FORTRAN 
interpreter is executing~ the system is a FORTRAN machine. and so on 
for any other s-tanguage defjned. 
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SYNTAX DIAGRAMS ------ _________ .. 

The principal means of describing MIL syntax is through the syntax 
diagram• commonly known as "RAILROAow notationv The basic conventions 
are discussed balow. 

FORWARD ARROWS 

Any path traced along the directional flow of the arrows will produce 
a syntactically valid command. The following example illustrates the 
technique: 

I<-- • ••I 
I 

-··DOWN••BY THE···-OLO-· 
I I I 
l•-UP->i I 

I 

' 
I I 
l•HILL•>I 

I I 
I 1--WHERE 
I 

l••RIVERSIOE-·--·-----·-•>t 

I 

1-.. --------->t 
I I a 
I •FI RST•>I I 
I I I 
1-L~ST••>I I 

I 
I 

I I I 
l·-FOUNO•••>I I 

I 

I I 
t-·<NOT ME BUT YOUl••>I 

l••TAOPOLES•••••a•~·-···••••••••••··-····-> 

Valid syntax generated from this diagram could be: 

DOWN BY THE OLD HILL STREAM 
UP BY THE. OLDP OLD STREAM 
DOWN BY THE RIVERSIDE WHERE I FOUND TADPOLES 
OOWN BY THE OLD STREAM WHERE I FIRST SAW YOU <NOT HE 3UT YOU> 
UP BY THE RIVERSIDE WHERE I LAST FOUND YOU 
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The bridge over OLD• unless otherwise specified- can be crossed any 
number of times. 

nrn·oF .. S TATEMENT 

The c:omptetion of a statement is· indicated by the following 
convention: -•N••• 0 ···--·--··0 >I 

CONTINUATHW 

&-~---.------

The following convention indicates that any number from O THROUGH 9 is 
syntactically valid: 

-----o---• Gii•-""'> I 

• eeo I 
• • ...,.9 ........ >. 

KEnrnROS 

Upper-case letters indicate keywords which must literally appear in 
KIL statements. 

VARI ABLES 

Lower~case letters~ words and phrases indicate 
~hich requ.fre information to be supplied by 
following example illustrates the technique: 

syntactic variables 
the pro~rammer. The 

E I 
a-·THE•- .... >t 
I I 
I-· SOME••> I 

WERE••••IN-·~---~-·-·THE body.of.waterg• ? ••>I 
I I 
l••NEAR···-··>I 
I I 
l••CLOSE TO-•>I 

Valid syntax generated from this diagram might be: 

THE TADPOLES WERE IN THE STREAM ? 
COWS WERE CLOSE TO THE POND ? 
SOHE BIRDS WERE NEAR THE OCEAN ? 
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To understand MIL grammar the user should be faMiliar with the 
follouing basic elements of the MIL language. 

point: -----> ~ ----->I 

under.core: ·----~ ----·>t 

I ••• ' 

letter: ---·-·A------->I 
• ••• I 
1---Z-->I 
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speo~at.characters: •••••• • ·-···---~----0··-·->I 
·--- & --> ampersand 
I ·--- < --> 
I , ___ . --> , 

·I , __ .. ,, --> 
I ·--- # ••> 
I ·--- ..,. --> 
I , ..... s --> 
I ....... . • .. > . 
I ·--- > --> 
I 
1--- • --> 
I 
I --- ••> 
I 
....... = --> 

• •-'.""- ( --> 
I , ___ ) --> 

I 

·--- .. --> 
I 

·--- - --> 
I I 
I·-· I ••>I 
I I 
I••.- X -->I 
I I 

·--- "·-->! 
I I 
e--- a -->t 
I I 

·->I blank <one non~visible character> 
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I D EN T.I F I ER S _______ _, ... ...,..,. 

l<•~~•w••-••••--•-•••-••••••-••••••••••••f 

I 
a 
I 

l<----------1 
I I I 

I 
I 
I 

identifier: ~-----------·-letter-·------------------------------>I 

RESTRICTIONS: 

I I 
·--·digit-·>! 
I I 
1--- ---->I 
I I 
I••• • --··>I 

1. An identifier must begin with a letter. 

2. An identifier may not contain blanks. 

la Reserved words raay not be used as identifiers. <See Appendix 
c: Reserved Words and Symbols.) 

4. An identifier is limited to a maximum of 63 characters: only 
the the first 25 characters are used in uniqueness detection. 

EXAMPLES: TEST.NAM£.1 ABC LOOP_l2 

l .. ABELS 

IC••---••-••--------••••••••---m•--•••-••-••I 
I 

,I 

• l<·---------------1 
I I 

I< ... ..,. ............ ·--· I 
I I 

I 

• I 

labal: -------------letter---~----------·e••·----------···>I 
I I I I 
·--·digit-->• 

, ... __ 
-->I 

' I ·--- • -->I 
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unique.label: ··--··label-·-··>I 

point.label.declar_ation~ -------- .tabal------>t 

point.label.reference: .................. -----~·-label-••••> I 
• • ........ ""' Gl•>I 

labalareference: ------unique.label·----------e----·->f 
I . I 
l·-·point.label.r.eference•->f 

label.declaration: --·-··unfque.label····-------·--···--·>I 
I I 
a•••point.label.declaration••>f 

Labals may be declared by: <1> starting the label anywhere in columns 
"! through 5 of a source hiage~ or <2> starting ttHf label immediately 
after the reserved words TABLEP SEGMENT• or CODE.SEGMENT. <See also 
Segmentation: label Addresses.> 

RESTRIC Tl ONS: 

1. A label must begin with a letter or a digit. 

2. A label may not coniain blanks. 

3. A label is limited to a maximum of 63 characters: only the 
first 25 charcters are used in uniqueness detection. 

4. Unique labels may be declared only once. 

5. Point labels may or may not be unique. 

EXAMPLES: .A.POINT.LABEL. REGULAR.LABEL LOOP BEGINNING.OF.TEST.I 
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RESTRICTION: A percent sign <~> is treated as any other strin9 
character if it is contained within a character.string. 
However- in alt other cases. a % wtll cause the 
scanning of the current source image to terminate. 

NUMBERS 

I< ............................... . 

BIT STRINGS 

l<---------- ... -1 
I I 

binary.string: -·---~---o------·-·>1 
I I 
1--·1 ••>I 

quartat.string: -------0----------·>I • • •• I 
1--·3-->I 
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• 

! 

I ••• I 
I --·1-->I 

I ••• I 
1•••9""->I 
I 1 
1<'11•-A•->I 
I • o. S 
I "*·-F-·>I 

I 

• 

•••••••hex.string•• 0 •••••~ 0 ··-·•>I 
• • I 

l•••C4J hex.string••••••>! 
I I 
1--~<3> octal@string-•••>I 
I I 
a-·-<2> quartal.string-·>I 
I I 
a---<1> binary.string-··>t 
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bit.string: ·-·~bit.group~--->i 

RESTRICTION: If rio bit mode i$ specified <i.e •• the indicator digit 
in parenthe~es is omitted>~ then ~hex" is assumed. 

string: ----·-·character.string------·>t 
I I 
1--~bit.string-------->t 

CHARACTER STRINGS 

character.string: ··-"string.character.tistft·-·>I 

I I 

string.character: -----·--dtgit--~--------Q------->I 

• I 
l••••tetter·----------·->! 

• I 

EXAMPLES: "••THIS IS AN EXAMPLE or A CHARACTER STRINi" 
•11# ROW THE BOAT GENTLY ••• " 
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LITE'df\LS 

I I 
t·-·string···-··-·--·--·->I 
I 1 
1---declare.special---·-->~ 
I · I 
1---declared.identifier-·>I 

declare.special: -----·DATA.LENGTH <dectared.identifier>·------------>I 
I I 
t·-·l£NGTH.BETWEEN.ENTRI£S Carray.identifier>••>I 

declared.identifier: ···--··simple.identifier··----~>t 
I I 
r-··array.id~ntifier·-->I 

array.identifier: -----··simple.identifier-··--·>I 
I I 
a--·array.index•-••u••>t 

array.index: ---<number>-··>t 

DATA.LENGTH <declared.identifier> will supply the sr>ecified or 
computed length in bits of the indicated de6tared.identifier. For an 
array~ide"tif ier~ the length will be the length of one of the items in 
the array~ not the length of the entire array. 
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LENGTtt.6ETWEEN.ENTRIES <array.identifier> will supply the bit 
difference between the beginning of one iteN in the specified array 
and the next item in the array. Note that in the case of structur~d 
arrays (See Structured Declarations> this will not always be the same 
as DATA.LENGTH <array.identifier>. 

EXAMPLE: 1587 
*STRING" 
DATA.LENGTH CAN.ITEM) 
ARRAY.ELEMENT (7) 

ARITHMETIC EXPRESSIONS 

arithmetic.expression: 

. l<Q·-----------------------------~-----------------·-d·---· I I 

--------------

8 --------------------------·--term---------------·>I I I a 

l<---··muttiplying.operator·---1 
I I 

adding.operator: ------- • --------·->f 
I I 
1--- - -·>I 

multiplying.operator: ••••••M • •••••••>! 
I I 
l·-g I ••>I 

I I I 
1--- > --·>I 
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Arithmeti-c expressions yield numerical values by combining literals in· 
accordance with specified operations. The operators +• -# *• and I 
have the conventional fflathernatical meanings of addtion• subtraction~ 
mu1tiptication~ and division-.respectivety. 

The sequence in which operations are performed is determined by tho 
precedence of the operators involved. The order of precedence is: 

first: * I 

Second: + 

When operators have the same order of precedence~ the sequence of 
operation is determined by the order of their appearance~ from left to 
right. Parentheses can be used in normal mathematical fashion to 
over~ide the usual order of precedence. 

Parenthesized expressions are treated as terms~ i.e.. they are 
evaluated by themselves and the resulting value is subsequently 
combined with the other elements of the arithmetic.express~on. Thus 
the normal precedence of operators may be overridden by careful 
placement of parentheses. 
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There are two parts or sections to a HIL program: the declarations and 
the body. The declarations should contain: 

1. A comment description of the function of the MIL program. 

2. Any global data structures <DECLARES>. Note 
refers to use throughout the program; local 
res~ricted to a part of the program. 

3. Any global OEFINEs. 

4. Any HACRO definitions. 

that 
refers 

•global" 
to u s.e 

The body follows the declarations and will contain all code-producing 
statements. The statements should be l-0gically grouped in labeled 
BEGIN ••• END blocks. Each BEGIN ••• ENO block may contain its own local 
data structures- LOC~L.OEFINEs or labels~ The last state,ent of the 
body should be FINI. 

The following is a basic outline of a MIL program 
general rules. for specific dataits on· assembly 
program examples refer to: Programming Techniqueso 

G••c•> 
I % descriptive comment 

Declarations • DECLAREs 

' DEFINES 

' MACROS 
.......... > 

---> 
l ABEL .A 

BEGIN A 
<code tor A> 

ENO A 
Body BEGIN B 

<code for 8) 
END B 
f'INI 

---> 

using 
coding 

the above 
forms and 
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Segmentation in MIL is a multi-faceted and somewhat complicated 
subject. Because HIL is the language of the 1700's~ and because it is 
used for many different purposes <Diagnostics•· Emulators~ 
Interpratersp IIO Drivers. MCP Kernels, etc.). it ~ust attempt to 
satisfy tha needs of a wide range of users. Segmentation plays a 
particularly important role on the B1700•s because of the READ/WRITE 
access capability of the hierarchical memory structure <M•Hemory, 
S•MemoryP Disk)o 

LABEL ADDRESSES 

To begin the discussion on Segmentation~ we must first identify the 
label types pertaining to address assignment. They are: regular.label 
and physical~tabal. <The~e should not be confused with the two types 
of tabel representation: unique.label and point.label. See Basic 
Components Of MIL: labels.> The types are based on how the labels are 
declared which fn turn determines how the address of the label is to 
be aGsigned. 

A l~bel ~hich is declared by starting it in columns 1•5 of a source 
image is always a regular.label. 

A label which js declared by starting it immediately 
reserved words TABLE• SEGMENT, or CODEeSEGHENT is 
physicatGlabel. 

after 
always 

the 
a 

A regular.label is always given the current segment.code.address when 
the label is declared. 

A physical.label is always given the current physical.code.address 
Hhen the label is declared. 

The segment~code.address is updated by·tG as each microinstruction 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 updated by 16 as each 
microinstruction is generated and can be changed to a new value by the 
appoarance of an ADJUST LOCATION statement. <See Hll Statements: 
ADJUST> 
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Both the physical.coda.address and the segment.code.address are 
initialized to 0 <zero> when a compilation begins. 

SEGMENT STA TE~E NT 

--~---- ~~-------

SYNTAX: 

SEGMENT·---·NEWSEGMENT·--------·---------·-------------------·->I 
S I I I 
IQ-labat---· 0 •>l 1-·AT·-···ADDRESS <label> ---·->I 

I I 
e--titeral••••••••••>I 

Note: The literal must be MOD 16. 

SEMANTICS: 

Tbrough the usa of the SEGMENT statement~ the user has the means to 
divide his/her HIL program into several parts such as a single 
primary.code~block and one or more segment.block<s>. The 
primary.codevblock should provide one or more areas suitable for 
containing the individual segment.block<s>. These areas are designated 
by declaring one or more regular.label<s> somewhere within the 
primary.code.block. Quite often there wjlt be only one designated area 
for segmentoblock<s), and it wilt begin at the end of the 
primary.code~btocko 

The purpose of the SEGMENT state~ent is to inform the compiler exactly 
where the segment.block wjll be <relative to the primary.code.block> 
when its code is executed. In this way the compiler can ~enerate the 
correct branch/cal( displacements whenever a statement in the 
primary.code.block branches to or calls a routine in one of the 
segment.blockCs>. In the same way~ a statement in one oi the 
segment.block(sl may branch to or call a ro~tine in either the 
primary.code.block' or in any of the segment". .. block<s>. <See Hll 
Statements: EMIT.RETURN.TO.EXTERNAL• CALL.EXTERNAL• BRANC~.EXTERNAl.) 
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All code is assu~ed to be in the primary.code.block until the first 
SEGMENT statement is encountered. from this point on• all code is 
assumed to be in that seg~ent until the next SEGMENT $tatement is 
encountered; and so on$ 

The SEGMENT statement may also be used to specify logical breaks 
within a continuous stream of code. In this case~ only the name or the 
segment needs to be specified since the code addresses are to continue 
linoarly$ The entire program and all of the segment.blockCsJ are given 
segment dictionary ~ntries 3S part of the parameter blocks associated 
with a MIL coda file. From these dictionary entries, the addresses and 
lengths fo~ each segment are available and can be used to do 
sophisticated static binding prior to execution of the coda. 

CODE.SEGMENT STATEMENT 

SEMANTICS: 

Another form of Segmentation in MIL is used when a microprogram is 
running with the HCP, or under HCP control. All of the interpreters as 
well as GISHO are examples of this situation. With this 1echanism~ a 
microprogrammer is able to specify which portions of the program are 
to reside ·on disk until they are actually needed for execution. This 
provides the programmer with the same facility normally only found in 
higher level languages. 

In order to· use this facilityP the programmer ·must follow certain 
rutas and remember some restrictions. First, some definitions: 

main.code.block: 

external.code.block: 

all code generated until the first 
CODE.SEGMENT statement is encountered: this 
may encompass the primary.code.block and one 
or more scgment.biock<s>. 

alt code generated between 
CODE.SEGMENT statement and 
CODE.SEGMENT statementr or the 
program, whichever comes first. 

a 
the 

end 

9iven 
next 

of the 
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the MsHemory bit address of the first 
microinstructi·on in the main.code.block. If 
no part of the maen.code.block resides in 
M•Memory. then the main.coda.base should ba 
o. 

If the processor is an S-Memory processor, 
then the main.cQde.base should be the memory 
address of the first microinstruction in tho 
program. csee MIL Statements: 
MAIN.CODE.BASE.> 

a 24-bit bucket containing the ~BR vatue for 
the main.code.block. In addition~ since the 
HBR vatue .is always a MOO 16 number. the low 
order 4 bits mbr.topm should be the TOPM 
vaiue of tha main.code.block. 

The microprogrammer must provide the following items in a program: 

1. A define for MAIN.CODE.BASE to indicate the Scratchpad 
regjstor containing rnain.code.baseo Example: 

DEFINE MAIN.CODE.BASE = 5146# 

2. A define for HBR.TOPM to indicate the Scratch)ad register 
containing mbr@topm. Example: 

DEFINE MBR~TOPM = S15A# 

The above defines must be included in the main.code.block and must not 
be defined within some LOCAL.DEFINE scope. In addition~ the two 
Scratchpad !~cations must be initjalized by the interpreter when it is 
given control from GISMOe 

l. A routine labeled GO.TOoEXTERNAL.SEGMENT to interrogate tha 
interpreter dictionary and generate a commynicate <if 
necessary) to guarantee that the requested external.code 
segment is present in S·Hemory. In addition~ it nust perform 
the initial transfer to the external.code.segment. Example: 
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GO.TO.EXTERNAL.SEGMENT 
X T CONTAINS SEGMENT NUMBER 
% l CONTAINS BIT DISPLACEMENT WITHIN SEGMENT 

SHIFT T LEFT BY 6 BITS TO X % T * 64 
SHIFT T LEFT BY 4 BITS TO Y % T * 16 
MOVE SU~ TO FA % T * 80 
ADD ADOR.INTERP.SEG.DICT TO FA 
REAU 2 BITS TO X 
IF LSUX THEN % THE SEGMENT IS ?RESENT 

BEGIN PRESENT 
COUNT FA UP BY 32 
READ 24 BITS TO X % SEGMENT BASE ADDRESS 
IF SUBSET THEN INCLUDE % FOR S•MEHORY PROCESSORS 

BEGIN 
MOVE l TO Y 
HOVE SUM TO A 

END ELSE 
BEGiN 

END 

HOVE 0 TO TAS 

MOVE l TO T 
MOVE X TO L 
T RANSfER .c ONT ROL 

ENO Pf<ESEN'f 
MOVE T TO l 
MO'tlE 58 TO T 

SHIFT T LEfT BY 16 BITS 
SET l< 0 l 
GO TO GIVE.UP.CONTROL. 

POINTS TO NOTE: 

% NECESSARY fOR 
I M•MEMORY SYSTEM 
% NEW A ANO TOPM VALUE 
X NEW HBR VALUE 

% COMMUNICATE NO.FOR 
X NON PRESENT SEGq[NT 

l ONE LEVEL SEG OICT. 
% SAVE STATE AND XFER TO 
X HCP VI A GISMO 

A. The initial -T" and "L• values are supplied by the 
compiler prior to entering the above routine. 

B. Other registers may be destroyed depending on how the 
routine is written. 

c. The routine must push a O <zero> onto the A stack for 
the M-Memorv Processoro This is necessary so that an 
exit within an external.code.block can be trapped into a 
routine that will transfer control back to the 
mainocode.btock. This also implies that parameters may 
not be passed via the A stack when initially 
transferring to an externat.code.btock. 
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The compiler wilt provide all other routines necessary to effect the 
transfer to and from external.code.btockCs>. 

The only •ind of transfers allowed are calls and branch~s from the 
main.code.block to an external.code.block, and from an external.
codeoblock to the main.code.block. Transfers between externat~code 
.block<s> are not allowed. In additionP such calls and branches must 
be syntactically separated from calls and branches within the tho same 
coda block. Instead of CALLr the command CALL.EXTERNAL must be used. 
Instead of GOP the command BRANCH.EXTERNAL must be used. <See MIL 
Statements~ EMIT~RETURN.TO*EXTERNAL~ CALL.EXTERNAL and 
BRANCH-EXTERNAL.) 

following is the code the compiler generates when COOE.SEGMENTs arc 
usod. <Alt labels used in the examples are shown for clarity only: the 
compiler has its own internal representation for the labels.> 

MAIN CODE BLOCK 

Ao for each different label occurring after a CALL.EXTERNAL or 
BRANCH.EXTERNAL statement in the main.code.block- the 
compiler will divert the calt or branch to the following code 
which is generated at the end ofp and part of~ the 
main.code.block: 

MOVE ADDRESS Clabel> TO l 
MOVE label.segment.number TO T 
GO TO GO~TO$EXTERNAL.SEGMENT 

e. If the program executes on an M•Memory Processor <B1726J- the 
following code wilt be emitted in the main.code.block: 

EXIT.TO.EXTERNAL 

EXTERNAL COO£ 6lOCK 

MOVE TAS TO l 
MOV[ TAS TO T 
HOVE lf TO Tf 
HOVE 0 TO LF 
TRANSFER.CONTROL 

A~ If the program executes on an M~Memory Processor (81726 >• 
the following code will be emitted at the beginning of every 
externat.codeeblock: 
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a. For each different label occurring after a CALL.EXTERNAL or 
BRANCH.EXTERNAL statement in the externalecode.block~ the 
compiler wilt divert the call or branch to the following code 
which is generated at the end of- and part of~ the 
external.code.block. 

(1) If the program exatutes on an S•Memory 
Processor (81712•81714) the following coda is 
generatedt 

MOVE ADDRESS <label> TO X 
GO TO SUBSET.BRANCH.TO.MAIN 

<2> If the program executes on an M-Mamory 
Processor tB1726> the following code is 
generated for each different label in a 
RRANCH~EXTERNAL statement: 

HOVE ADDRESS <label> TO X 
GO TO BRANCH.TO.HAIN 

{3) If the program executes an an H-Hemory 
Processor <Bl726J the following code is 
generated for aach different label in a 
CALL.EXTERNAL statement: 

HOVE ADDRESS <label> TO X 
GO TO CALL.TO.HAIN 

c. At the end of every externat.code.bloct tho following code is 
emitted. 

Cl> For S•Hemory Processors <81712•81714): 

SUBSET.BRANCH.TO.MAIN 
HOVE MAIN.CODE.BASE TO Y 
MOVE SUM TO A 
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<2> for H•Memory Processors (91726>: 

NOTES: 

BRANCH.TO.MAIN 
MOVE TAS TO .. NUlL 
MOVE MAIN.COOEuBAS£ TO Y 
HOVE SUM TO T 
GO TO LEAVE.EXTERNAL.SEGMENT 

CALL.TO.MAIN 
MOVE MAINoCOOE.BASE TO Y 
MOVE SUM TO T 
MOVE MBR TO l 
MOVE TOPH TO LF 
MOVE l TO TAS 
MOVE ADDRESS <EXIT.TO.EXTERNAL> TO X 
MOVE SUM TO TAS 
GO TO LEAVE.EXTERNAL.SEGMENT 

1. When branching from the main.code.blGck to an 
external.code.block T and l registers are used~ plus 
whatever registers the GO.TO.EXTERNAL.SEG~ENT routine 
l4S9S" 

2. When calling or branching to a routine in the 
main.code.block, the X and Y registers are ~sed: This 
means that they cannot also be used for passing 
parameters. In addition CP should be equal to 24, 
otherwise the transfer may not take place CGrrectly. 

Alsop on an M•Memory Processor~ the T and l registers, as 
well as the A stack are used. So a good rule of thumb is to 
avoid x. Y• r~ L~ and TAS when passing parameters to/from the 
main.code.block and external.code.block<s>o 

3. The code for S"Memory Processors is different than the 
code for M·Memory Processors. Thus, if a progra~mer 
wishes to run a program on either processor without 
recompilation, COOE.SEGMENTs cannot be used. <See 

. Appendix A: $ NO EXTERNAL>. 
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Three main types of data fields may be declared in MILi 

t > B·I T 
2) CHARACTER 
3) f!XEO 

A bit field consists of a number of bits specified by a number in 
parentheses following the reserved word BITo 

A character f1eld consists Gf a number of characters. 8 bits each, 
specified by a number in parenthesis following the reserved word 
CHARACTER. 

A fixed data field is the same as a BITC24> field but is allowed in 
order to keep declare syntax consistent wit~ SOL. 

DECLARE STATEMENT 

SYNTAX: 

I I 
DECLARE$-= 0 mdeclare.element------ ; ·--·->t 

SEMANTICS: 

The DECLARE statement specifies the addresses and characteristics of 
contents of memory storage areas. 
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Tha maximum number of data elements <including 
implicit fillers> contained in Dne structure is 

f i Hers,. 
50. Any· 

dummys,. 
attempt 

detected 

and 
to 
at declare more witt cause a table over·Ho·w error to be 

compile timee 

An array may have a maximum of 65535 elements- each being a maximum of 
65535 bits (8191 characters>. 

Thu two types of declare.elements are each discussed below. 

NON•STRUCTUREO DECLARATIONS 

de cl are a et ement: 

--·idantifier--~---~ft---~----------------------------·BIT <•>----------
• 1·-array~id C#J-·----Q·- 0 ----~~->1 

~ I 
I l<~~~~u- • ~~-~-~~~-1 I 
I d J t 
a~ < --~·identifierQ~------ > ·->I 
I I I 1 
I l••arrayaid(#)••>I I 
1 t 
t-~·-identifier~-•M0 • 9 •M••••>J s 

t I 1 t 
f-·array.id (#)·->t I I 

I I 
• t 

• • i<~•~aua~oe•ee~~-~-deneM~-•••I f 
·2 • 
$•REMAPS·-OASE.ZEROm--~----~~m-~>1 

I I 
t•ABSOLUTE literal··-·-·>I 
I t 
S·AOORESS<unique.labet>~>i 
t I 
l·identifier·--------·-·>I 

I 1 I I f 
't l·-REVERSE•>I l•CHARACTER(#)••>I 
I ! ! 
t f •FIXED-~------·>1 
• 1 
I i 
•-BIT(#)~·--·----·-··-------~~·>! 
I I I 1 
l-CHARACTER(#)••>f i•REVERSE->1 

J ' 
t-FIXED----~---->t 

Note: (#) = <number> 
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one occurrence; or as 
specified by the array 

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 a 
reverse manner or in a reverse direction from some base. The easiest 
way to reme~ber what is happening is to realize that the compiler will 
simply compute the address of a declared identifier normally, and 
then~ if reverse is specified~ add the identifier's length to the 
address to get the ending address of the identifier. 

As the syntax indicatesp different data fields having the same format 
may be declared collectively inside parenthesis ( >. 

The following examples illustrate the various options available in 
this type of declaration statement. 

DECLARE 8 FIX£D" 

where 

C CHARACTER <IO># 
0 BIT (40),,. 
<E~ r~ G <5>> BIT (10>~ 
f-1 (201 rrXEDt> 
I (3) CHARACTER (6J; 

B is a 24 bit numeric f ietd 

c is a 10 . byte char act er field. 

D is a 40 t> i t field. 

E and f are 10-b it fields each. 

G is al so a 10 ... bit field and occurs 5 t 1 mes. 

H occurs 20 t-i mes and is a 24-bit numeric field. 

I is a G•byte character field occurring 5 times. 
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Data fields may be re-formatted by tho use of the RE~APS option. 
Re~apping is subject to the same general rules discussed above. The 
following exampte best illustrated its use: 

B fIXEDr C BIT (5Q)p 
BB REMAPS B CHARACTER (3)~ 
CCC2J REMAPS C FIXED; 

Note that CC specifies 48-bits <or 2 ~tements~ 24-bits each>. The last 
two bits will be consjdered as an implied filler by the compiler. A 
field may not be re~apped larger than its original size. 

There is n~ limit on the number of times a field may be remapped. A 
field which has remapped another may its9lf be remapped. The remap 
option specifies that the identifier on the left side of the reserved 
word REMAPS wilt have the same starting address as the identifier on 
the right side. 

A data fietd ~ay be remapped to BASE.ZERO which will give the field a 
relative address of zero. For example: 

DECLARE X RE~APS BASE.ZERO BIT<?); 

This device is used as a freeastanding decl2ration since it does not 
remap a previousty declared data ~tem. 
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STRUCTURED DECLARATIONS 

declare .-element: 

tavel··-identif ier••w~--M~---····-----~---·-----------------------------

I 

& i 1 t I 1 
i••array.id (#)·-·- -~~--a-•·--·>1 1 I •REVERSE•>! I-~ IT<#)•••• .. ••>! 

' . J I I 
• J<--e~•• • moa•--•u•J • ~ l•CHARACTERC#)•>J .. 
I I I I I I I 
1 - { 
1 
t 

' 
a 2 
i--array.id{#)·->4 

.... ->• .i t•f'IXED···----->l 
I l•OIT (#) 0 •••·-·-····--------->! 
3 i I i I 
I l•CHARACTER{#)•>t l•REVERSE•>I 

t•fillER----~------·--------·--·>S I I 

• lq~~Qidentifier-~-----~~---->! 
t J I 
&••array.id (#)•"•->I I 
t ~ I 
i- 0 DUHMY--~~---~···>8 I 

I t . I 
1--(#)-->1 I 

I 
I 
I 

I ~-FIXE0•••••• 0 ->I 

I 
I 
I 
I 
I 
G 
I 
I 
I 
I 
I Note: (#) = (number> 

' 1~REMAPS~ 0 BASEoZERQaenQ-••w•g~-- 0 a••>1 

1 f 
l•ABSOLUTE literal•-••m~~-~·>S 

' . 
t·AODRESS{uniqua.labei>-·~··>I 
I I 
t•ident1fier---~--Q·······-·>I 
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HIL allows the structuring of data where a field may be subdivided 
intq a number of sub•fieldsr each of which has its own identifier. Tha 
whole structure is organized in a hie~archical form9 where the most 
general declaration ts a level 01Cor 1>. No declaration may be on a 
level greater than 99e A subdivided field is called a Group Item~ and 
a field not subdivided is known as an Elementary Item. 

The type and length of data need not be specified on the .group level. 
All Elementary Items must indicate type and length; the compiler will 
assume type bit and add the lengths of the components to determine the 
length of the Group Item. Note that the length of the Group Item is 
tho sum of its Elementary Items. 

In the following example, both 3 and C are considered Group Items: B 
has a total tength of 90 bitsJ C is 50 bits long. 

DECLARE 01 fh 
02 c. 

03 0 BIT(20h 
03 E BIH30h 

02 D CHARACTERC5); 

Filters may be used to designate certain Elementary Items which the 
program does not reference. If the filler is the last item in a 
structure~ it may be omitted: the compiler will considar the item to 
be an i~plicd fillera A filler may never by used as a Gro~p IteM. 

If the 01 level Group Item is an array# it is mapped as a contiguous 
area in memor~. Howeverp subdivisions of this array are not contiguous 
as shown in the example structure below: 

01 JH5) BilC46>~ 
02 C FIXED .. 
02 0 FIXEO.P 

or 
01 BC5h 

02 C fIXE0,-
02 D fIXEOi 

1-n> <each item of B> 48 bits 
I 
I 

no 01 a2 B3 B4 
C 0 DO C 1 D 1 C2 02 Cl 03 C4 04 

I 
I 
Iv•> Ceach element of c·and OJ 24 bits 
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If a GroUD Item is an arrayp an array specification may not appear in 
any subordinate item; that is# only one-dimensional arrays are 
alluwed. An array specification is implied for all subordinate items. 

If a Group Item is declared with the REVERSE option~ then REVERSE is 
also impt~ed for all subordinate items in that group. Specification of 
the REVERSE option for subordinate items woutd be redundant. 

Structured data may be remapped in the same manner as non°structured 
data. In addjtionP structured data may be remapped with a dummy group 
identifier. The purpose of this construct is to allow the user to 
remap data items without having to declare another Group Item which 
describes the same area in memory. Thus in the following example: 

01 B 8ITC100h 
02 C BIT<20h 
02 D BITC80H 

"Bn might be remapped as 

01 98 REMAPS B BIT<10Q)p 
02 CC 8IT<30),. or 

01 DUMMY REMAPS B 8ITC100lr 
02 CC SIT<30)11 

02 DD BIH70)i 02 DO BIH70H 

Both a and BB refer to the same area in memory: hence BB is redundante 

If a remapped item contains the REVERSE option~ then REVERSE is also 
implied for th& remapping item~ 

The user should note the distinction between DUMMY and FILLER. DUMMY 
is used in conjunction with REMAPS to eliminate the necessity of 
declaring a redundant Group Item. FILLER is used if one desires to 
s~ip over a part of the structure. 

The following restrictions apply to the use of OUHMY REMA~S: 

1. DUMMY ~ar only be used with remap declaration$~ 

2. All restrictions applying to REMAPS apply to DUH~Y REMAPS. 

3. DUMHY mu~t not remap another DUMMY. 

DUMMY Group Items must have at least 
componento 

one non•fitler 
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The following will illustrate by example exactly how declarations 
might be used in a MIL program. <See also Programming TechniQues.) 

% THE DECLARE STATEMENT IN MIL IS ONE WHICH ALLOWS THE USER TO 
% LOGICALLY ASSIGN NAMES TO PHYSICAL OR RELATIVE MEMORY ADDRESSES 
% IN A STRUCTURED MANNER. THIS FACILITY ALLOWS ONE TO CONSTRUCT 
Z DATA STRUCTURES IN A FORMAT THAT IS SIMPLE TO UNDERSTAND ANO E~SY 
% TO CHANGE WHEN THE OCCASION ARISES. 
% 
% "NON~REMAP ITEMS" 
% 
% THE MIL COMPILER MAINTAINS A VARIABLE WHICH IS INITIALIZED TO 
% O. WHEN AN ITEM IS DECLARED~ IT IS ASSIGNED THE CURRENT VALUE OF 
% THE VARIABLE AND THE VARIABLE IS INCREMENTED BY THE BIT LENGTH 
% or THE DECLARED ITEM. EXAMPLE: 
% 

% 

DECLARE 
OISPATCH.~EGISTER 
GLOPl 
ADDR .G IS MO 
LOCN9HAKE.HCP.BE.HERE 
GlOP2 
AODR.HCPoLIMIT 

BITC24 >
BITC48 )Jll 
BITC24 ),. 
BIH33)"' 
OIH29 h 
F.IX£Di 

% NOTE THAT THE DECLARE STATEMENT IS COMPLETELY FREE fORMr 
~ MUST BEGIN WITH THE WORD "DECLARE~, HUST END IN A "Jn• AND 
% EACH ELEMENT MUST BE SEPARATED Bf A ftPno 

% EACH ELEMENT THUS DECLARED IS USED EXACTLY LIKE A LITERAL 
% ANO MOST OFTEN REPRESENTS A HEHORY AODRESSo 
% EXAtiPLE: 
% 

x 

MOVE AODR.GISHO TO FA 
READ 24 BITS TO X 

% WOUlO ASSIGN THE LITERAL 72<=24•46=ADOR.GISHO) TO REGISTER 
l FA~ AND WOULD CAUSE THE CONTENTS OF MEMORY AT ADDRESS 72 TO BE 
1t READ INTO REGISTER X. 
I NOW*. ANOTHER DECLARE LIKE THE ONE ABOVE WILL SIH~LY START 
% ASSIGNING ADDRESSES WHERE THE LAST ONE LEFT OFF. EXAMPLE: 
% 

DECLARE 
GLOP3 
CHAR.SAVE.AHEA 

fHH10),, 
CHA RAC TERC 8 ).; 
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% 
% DECLARE ELEMENTS MAV ALSO BE STRUCTURED SUCH THAT SOME 
% NAMES OVERLAP PIECES OF MEMORY DESCRIBED BY OTHE~ NAHESo 
t 

% 

DE Ct ARE 
01 TRACE~BITS BIT<27>~ 

05 FILLER BIT<15), 
05 NSoHAll.ONLY BITCl)~ 
05 TB.FLAGS BIT<4>• 
05 TB.TYPE BIT(4>• 

07 FILLER BIT(l)~ 
.01 TB.STORES.ONLY BITClJ. 
0 1 l B • B R A NCH£ S G I H 1 ). 
07 TB.REST BITClJ~ 

05 TO.GET.SPACE.TYPEP 
99 ( TBGS.STORESaONLYP 

TOGS.BRANCHES,. 
TBGS.REST> BITC1>; 

X THE ABOVE EXAMPLE ILLUSTRATES SEVERAL POINTS. 
% 
% 10 THE ADDRESS PICKS UP WHERE THE PREVIOUS 
% DECLARE LEAVES OfF. 
% NOTE HOWEVER THAT THIS IS NOT TRUE 
% IF THE PREVIOUS ITE~ OR STRUCTURE IS A 
Z 8 REMAP ITEH~. THE COMPILER~s INTERNAL 
% VARIABLE USED FOR DEfAULT ADDRESS 
X· ASSIGNMENT IS MAINTAINED ANO 
% INCREMENTED ONLY FOR NONoREHAP ITEMS 
i OR STRUCTURES$ 
% 
X 2~ DECLARES MAY BE STRUCTURED SO THAT SOME FIELDS ARE 
% DENOTED AS BEING CONTAINED WITHIN OTHER FIELDS. 
% 
% 3a "f IllERn CAN BE USED IN STRUCTURES AS OFTEN AS 
X N£CESSARY AS A PLACE HOLDER. 
% 
% 4. ITEMS WITH THE SAME TYPE ANO LENGTH CAN BE PUT 
X INTO A LIST- SURROUNDED BY PARENTHESIS- WITH 
I THE TYPE AND LENGTH SPECIFIED AT THE END. 
% 
% 5. THE LENGTH Of AN ITEM NEED NOT BE SPECIFIED IF 
% IT HAS SUB ITEMS WHOSE LENGTHS CAN BE DETERMINED. 
% 
% 
% 
% 
% 
% 

NOTE: STRUCTURES HUST BEGIN WITH AN "01" LEVEL IDENTIFIER. 
SUBSTRUCTURES HAY THEN HAVE ANY LEVEL FROM 02•99• 
WITH THE SUBSTRUCTURE ALWAYS HAVING HIGHER LEVEL 
NUMBERS THAN ITS SUPERSTRUCTURE. 
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X "REMAP ITEHS~ 

2 
1! IT IS POSSIBLE TO TEMPORARILY SUSPEND THE MECHANISM WHICH 
% CAUSES ADDRESSES TO BE ASSIGNED BASED ON WHERE THE LAST OECLA~E 
% LEFT Off BY USING REMAPS STRUCTUR(S. 
X FOR EXAMPLE, IF HE HISH TO DECLARE A ttfEHPLATEff, WHERE THE 
% DECLARED ADD~ESSES ARE ADDED TO SOME BASE PRIOR TO THEIR USE~ 
Z THEN WE WOULO·OO THE FOLLOWING. 
% 

z 

DECLARE 
01 SYSTEM.DESCRIPTOR 

02 SY.MEDIA 
02 SY.LOCK 
02 SY.-tN.PROCESS 
02 S\'.INITIAl 
02 SY.FILE 
02 FILLER 
02 SY.TYPE 
02 SY.ADDRESS 

03 FILLER 
03 SYeCORE 

02 SY.LENGTH 

REMAPS BASEeZERO, 
BIT<2h 
BIT<lh 
BIT( 1 h 
BITC1)5' 
BIT<1>, 
BITC 10 h 
fl IT< 4 >~ 
OIT(36),. 
BIT(12)~ % PORT~CHANPUNIT 
BI H 24 >, 
8IT<21.i; 

ONE MIGHT USE THE ABOVE STRUCTURE· AS FOLLOWS: 

DEFINE SYS.OESC.BASE = Sl4A# 

MOVE SY.TYPE TO FA 
ADD SYSoOESC.BASE TO FA 
READ DATA.LENGTHCSY.TYPE> BITS TO X 

% NOTE THE USE OF A NEW RESERVED HORD "DATA.LENGTH". 
% THIS CONSTRUCT ALLOWS ONE TO USE THE LENGTH OF A DECLARED !TEH 
Z WITHOUT HAVING TO DEFINE IT ELSEWHERE. 
"I ,, 
% 
I THE REMAP STRUCTURES THAT MAY BE USED ARE: 
Z 1. REMAPS BASEoZERO 
X 2~ REHAPS ABSOLUTE literal 
l 3. REHAPS AODRESS(some.tabel> 
Z 4o REMAPS BASE.ZERO REVERSE 
% 
% IF ONE KNEW THE ABSOLUTE ADDRESS OF SOME DATA STRUCTURE 
X IN MEMORY• THE FOLLOWING COULD BE DONE: 
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% 
DECLARE 

01 SAVE.AREA REMAPS ABSOLUTE 1024-
02 SA.FIRST.ITEM FIXED~ 
02 SAoSECONO.ITEM CHARACTER<200>• 
02 SAoTHIRD$ITEH BIT<256>J 

% 
% OR~ IF A LABEL THAT WAS THE START OF A TABLE OF CONSTANTS 
% WAS PHESENT IN TBE PROGRAM• THE FOLLOWING WOULD BE SUITABLE. 
% 

DECLAHE 
01 TRACEoTABLEClO) REMAPS ADDRESS<TRACE.~NE~ONICS>• 

02 AODRuTRACE.NAHE CHARACTER(4); 

TR AC E. H NE r~ 0 N IC S 
'f ABLE 

% 

BEGIN 

END 

"LA ff 

"'ALA " 
nsTN " 
"STD t'lt 

"LIT " 
"ILA " 
"STO ~ 

"CA5£" 
"IFTH"" 
"If El"' 

MOVE ADDR®TR&Cf.~N~ME<2> TO FA 
READ 24 BITS ro x INC FA 
HEAD 8 BITS TO Y 

% NOTE THE USE OF ARRAYS IN THE ABOVE EXAMPLE. IF THE 
~ PROGRAMMER DOES NOT KNOW THE INDEX TO USE AT COHPILE 
% TIME" THE FOLLOWING CGULD BE DONE: 
2 

DEFINE TRACE.INDEX = SOB# 

MOVE TRACE.INDEX TO X 
MOVE lENGTHoBETWEEN8ENTRIES<TRACE.TABLEJ TO Y 
CALL MULTIPLY.X.Y 
% ETC 

% 
r~ULTIPLY.X.Y 

X MULTIPLY CODE 
EXIT 
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% THE ABOVE EXAMPLES HAVE SHOHN. AMONG OTHER THINGSP TWO OF 
Z THE wsPECIALS" THAf ARE INCLUDED IN HIL SYNTAX TO GO ALONG HITH 
% DECLARES. THEY ARE: 
% DATA.LENGTHCdectared.ident.ifierl 
~ LENGTH.BETWEEN.E~TRIESCarray.idontifier> 

% 
% NOTE THAT WHEN ARRAY NAMES ARE USED WITH THE SPECIALS~ THE 
X SUBSCRIPT IS NOT P~ESUH§I AND 15 A SYNTAX ERROR WHEN IT .IS 
% PRESENT. 
% 
% ANOTHER TYPE Of REMAPS JS ONE THAT REMAPS A PREVIOUSLY 
% DECLARED STRUCTURE. IN THIS CASEP THE ADDRESSES OF THE REMAP 
% STRUCTURE WILL BEGIN Al THE ADDRESS Of THE R£MAPPED Sf RUCTURE. 
% EXAHPlE: 
x 

OECl~.RE 
01 SAVE.AREA.CHARS REMAPS ·SA. SECOtrn .. ITEM,. 

02 SA.NAME 
03 SAoPACK.ID 
03 SA.FAMILYoNAHE 
03 SA.OFFSPaING.NAHE 

CHARACTER< 30),, 
CHAHACTERC10)11 
CHARACTER<10)~ 
CHARACTEROOH 

% "REVERSE• 
% 
% ANOTHER ATTRIBUTE THAT HAY BE APPLIED fO A SIMPLE ITEN OR 
% A STRUCTURE IS THE ffREVERSEw ATTRIBUTE. THIS ATTRIBUfE CAUSES 

·i TtiE FINAL ADDRESS ASSOCIATED WITH A DECLARED IOENTIFIER TO BE 
% ITS NORMALLY CALCULATED ADDRESS PLUS ITS DECLARED LEN~TH. 
% 

· % FOR !NSTANCEr SUPPOSE A PROGRAMMER WISHES TO SPECIFY A 
% STRUCTURE THAT DESCRIBES THE TOP OF MEMORY ANO WANTS TO LIST 
x THE IDENTIFIERS FROM THE TOP or MEMORY DOWNWARD. TME FOLLOWING 
% COULD THEN BE DONE: 
% 

x 
% 
x 
% 

DECLARE 
01 TOP.OF.MEMORY REMAPS BASE.ZERO REVERSE, 

02 SLOP BITC32l~ 
02 ADOR.JNTERRUPT.QUEUE BIT<553>• 
02 ADDR.SAVED.ASTACK BIT(240)• 
02 ADOReGISMOcWORK.SPACE Bll{384)p 
02 ADDR.TEMP~FIB BIT(920)~ 
02 ADDR.TRACE.SPACE BITC223?.>• 

03 AODR.TRACE.CODE BITC24); 

THESE IDENTIFIERS COULD THEN BE USED IN MIL STATEMENTS 
AS fOLLOWS: 

MOVE ADOR.INTERRUPT.QUEUE TO Y 
·EX TRAC i ADDR. JRACE .CODE f'ROH T TO X 



7 .,. 1 

BURROUGHS CORPORATION 
SANTA BARBARA PLANT MIL. 

COMPANY CONFIDENTIAL 
P.S,. 2212 5298 

R£GISTERS AND SCRATCHPAD 

This section is intended only as a brief overview of the register~ 
within the processore It is assumed that the reader is familiar with 
the contents of the 81700 Systems Reference Manual <form 1057155). 
CSee also Appendix B in this manual>. 

NOTE: The most-significant <left•most) bit in any register is 
identified in the MIL syntax as bit O <zero), the next 
most-significant as bit 1# etc. This is particularly 
advantageous in a bit~addressable machine sf nee~ for 
software purposes. it ts often desirable to think of a 
register as being an e~tension of main me1ory. It 
should be notad that this convention is at variance 
uith the hardware bit numbering convention where9 
generally- all bits are numbered right to left• O 
through 23. This difference has particular significance 
whan any bit data is to be ORed into the M register at 
run time. 

REGISTER GROUPS 

The registers briefly described in this section are divided into the 
follouing logical groups: 

Active 
Rasutt 
Ser ate hp ad 
Const ~n t 
Input/Output 
Condition 
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J Source i 4cbit Source J 
I 8. Sink t & Sink I 

I X t * TOPM I 
I Y j ., • m M& M -flil- Ulll ia cia .-. n: ca s -- .. 

I T 4 
I L I T sub register 
I A I ••u~~o•a~--•••&~••••~~-

• M I • 4•bit source & sink f 
I BR ~ t------·Q···----·--·--1 
t LR I • TA TB re TD f£ TF I 
I FA I ~-~~-~------~~~-~~~d~~~ 
I fB I 
I TAS t 
d CP I 
I •MSMA I l sub register 
I *MBR I ------~---"·-m~·-···-·· 

a 4•bit source & sink • 

& LA LB LC LD LE Lf I 

1 - 2 

COMPANY CONFIDENTIAL 
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FB sub register 

I source & sink t 

i source & sink .. • 

I CA ca cc ~co ~*CPI 

* MSHA~ TOPM~ HBR and the tow order 3 bits of CD are not 
physically present in the S•Hemory Processor. When addressed 
as a source they will yield a binary value of zero. Hhen 
addressed as a sink (destination> tha data is lo$te 

** CPUP a 2-bit sub register of CPr is not addressable as n 
source or a sink. 
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RESUtT REGISTERS 

Source 

SUt~ 

CMPX 
CMPY 
XANY 
XEOY 
MSi\X 
MSKY 
XORY 
OIFf 

CONSTANT REGISTERS 

i Source ;J 

I 1'1AXS I 
I MAXM t 

CONDITION REGISTERS 

~ 4 ... bit Source 2 

BICN 
flCN 

wlNCN 
·XYCN 
XYST 

t 
I 
I 

' I 

MIL 

SCRATCHPAD 

1 ,., ;; 

COMPANY CONf IOENTXAU 
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Single Scratchpad Double Scratchpad 

----------------~ 1 Source & Sink f a Source & Sink 4 

• 
' 1 
s 
I 
I 
I 

SOA 

••• 
S15A. 

SOB 

••• 
S15B 

• I 

• 
' • I 

• 

INPUT/OUTPUT REGfSTERS 

l Source t Sink t Source & Sink d 

( .. 

* INCN is not physically present on the 
SuMe~ory Processor. When adressed as 
a source it yields a binary value of o. 
When addressed as a sink (destination> 
the data is lost. 
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ALPHABETICAL LISTING OF REGISTERS ANO KEY CONCEPTS 

Name 

CD I 

Console t 
Stdtchesl 

Longth 
In Bits· 

4 

24 

Contr·ol i 16""'BIT 
Memory t words 

CYF I 1 

CYL .I 1 

Source 
Sink. 

S so & sk 

I source 
a 

Note 

subfield of c; interrupts and flags 

I the 24 toggle SMitches located 
I on the Console front panel 

I so & sk ~ location of microinstructions 
1 t on H~Memory Processor 

• --- a Carry Fltp~flopJ subfield ~f CP 

...... !Carry Level or carry of sum;maskod by CPL 
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Name 

DI ff 

fl 

INCN 

l 

LF 

' 

I 

I 
I 

I 

' ' 

I 

Length 
In Bits 

24 

16 

4 

4 

Source 
sink 

1 source 

Note 

t result of X·<Y + CYf); masked by CPL 

I so & sk I Field Length in S-Memory 

I source 

• 
f boolean dispatch Interrupt Conditions 
1 M-Hemory Processor 

S so & sk f Local registar also used in DISPATCH. 
i i OVERLAYP TRANSFER.CONTROLP READ/WRITE 
9 I MSHL AND S-HEMORY ACCESS 

I so & sk I subfield of l 
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LH 

MBR 

MAX~ 

MSKY 

NULL 

PERR 

READ 

Sfl 

I 
1 

• 
' 
' •· 

• 

• 
I 
I 

I 
1 

' 
• I 

S15A•S15B1 

S•Memory I 

SU 

SUM 

l 
I 

t 

length 
In Bits 

24 

24 

24 

24 

24 

24 

16 

48 

...... 

4 

24 

Source 
Sink Note 

1 so & sk I Limit Register or high address S•Kamory 
t I protection 

t so & sk I Main Memory Microinstruction Base 
I I Register; not on S0 Hemory Processor 

I source 
I 

I source 

1 hardwired Constant; number of 16•bit 
t words of McMemory 

t ResultJ mask of y; lenqth by CPL 

1 so & sk I always zero 

I source 
t 

1 sourc:e 

' I 

i 
I 

I Parity Error Register; reflects error 
I conditions from S & H•Hemory~ & cassette 

I Console switch positionJ reads S-Humory 
a addressed by FA to Consote lights CA on 
' 1714) 

I subf~etd of SOB corresponding to fl 
' in fB 

f so & sk 8 Single Scratchpad Words of 515 

f 

I 
I 

I source 

I Main Memory 

1 subf iold of SOB correspondin~ to FU 
! in fS 

Result (X • Y .• CYF> length by CPL 
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Name 

r 

WRIT 

XORV 

x '( 

XYST 

• t 
a 

I 

I 

I 

Length 
In Bits 

24 

24 

48 

4 

Source 
Sink Note 

I so & sk I lransform will ROTATE- SHIFT or 
s a EXTRACT bitsJ used also in S*MEMORY 
t I ACCESS and TRANSFER.CONTROL 

I 

' I 
........ 

J source 

t source 

I source 

I 

• J 

Console position switch; writes Console 
switches to address of memory containud 
in fA (A on 1714) 

I Result; X OR YJ length by CPL 

! X ANO Y concatenated 

f boolean XY States 
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The following is a description of the Active registers. 

X AND Y REGISTERS 

Tho X and Y registers Cboth of which are 24 bits wide> are usod as 
inputs into the 24-bit Function Box ($ee below>. All functions are 
performed under control of the C <Control> register- which 
regulates the length of the operationr class of arithmetics, and 
least-significant carry input. The X and Y registers are capable 
of being shifted or rotated individually or as a unit and may 
receive or transQit data from or to main memory. 

FIELD (f) REGISTER 

The f register is divided into FA and fB• each sub•ro~ister being 
24 bits wide. The FA CField Address> portion is used to address 
main memory. FB is divided into FU (field UnitP consisting of four 
bits used to ind~cate arithmetic unit sizeJ FT <Field Type), a 
general-purpose 4mbit f ietdJ and fl (field Longth>• consistinq of 
16 bits used to indicate the length of fietJs in main memoryft FL 
is subdivided into flC# FLOP flE and flf P each four bits in 
length. 

LOCAL <L> REGISTER 

The L register is 24 bjts wtde and is subdivided fnto LA• LB• tc. 
LO~ LE and Lf, each four bits in tength. l and its subdivisions 
are goneralty used to temporarily hold the contents of other 
processor registers~ It is atso used as a source and destination 
for main memory access and has implfc~t use in the DISPATC!i? 
OVERLAY, R£AO/WRif£ MSMl and TRANSFER CONTROL microinstructions. 
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The T register is a 24-bit transformation re~ister used 
extensively for interpretation of virtual$language oDerators. It 
is subdivided into TA, re~ Tc, TD, 1£ and Jf, each four bits in 
lengthe T has strong SHIFT and EXTRACT logics associated with it 
and is the principal formatting register of the processor. This 
register also has the capability of receiving or transmitting data 
fro~ and to main memory. 

HICROINSTRUCIION <M> REGISTER 

The M register is a 16•btt register which holds the micro-operator 
for deco di n g and sub s eq u o nt ax e c u t i o rt b y t he ha r ri w a re. I t i s 
addressable as a source and sink register; when used as a sink 
register the source is bit-ORed with the upcoming H-op* except tn 
l"APE t1ode. 

BASE <BR> AND LIMIT CLR> REGISTERS 

The BR and LR registers are each 24 bits wide and are used to hold 
the main memory base and limit addresses for the currently active 
main memory process. The H·Hernory proce5sor hardware uses these 
registers to determine if addresses in the Field Address CFA> 
register are within the base/limit boundaries. 

ADDRESS !Al REGISTER 

The A register is the microprogra~ address register which contains 
the bit addross of the next microinstruction. Values in the A 
rogister are always MOD 16; i.e.~ the tow~order four bits are 
atways zero. It is capable of addressing 16,384 mic,oinstructions 
loc.ate.d in either control memory OJ'" main memory or bothe The A 
register is automatically incremented to the next microtnstructicn 
before the current microinstruction is executed. It is atsa 
capable of having any value from O to 4,095 added to or subtracted 
from it to facilitate microcc)do branching. 
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The A stack is a 32QelementMdoep. 24~bit wide. push•downr pop•up 
memory~ t~ee~ a last 0 in~first~out <LIFO> storage structure. The A 
stack is used to nest microroutine linkages and allows highly 
shared routines~ thus reducing control ~emory requirements. 
Although the A stack ~as intended for microcode addresses, it has 
been made 24•bits wide to allow for any operand stora~e. 

NOTE: The S-Hemory Processor A stack has only 16 
elements. 

TOP OF CONTROL MEHORY <TOPM> REGISTER 
(M~Memory Processor only> 

storage 

The TOPH register is four bits wide and is used to determine which 
memory <control or main> contains the next microinstruction~ If 
the A register is equal to or greater than <TOPM•512*16l, the next 
microinstruction ~ill be fetched froM Main memory rather than 
control memory. The TOPM register is addressable as a source or as 
a sink <destination>. The fetch from SwHemory takes place et 
addrass A+CTOPH*512*16)+HBR. 

MEMORY SASE REGISTER <HBRJ 
<N·Memory Processor only> 

The MBR register is used with tho A and TOPM registers to obtain 
the main memory address of the next microinstruction. (See above 
formula>. Tha MBR register is addressable as both a source and as 
a sink 
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The C register is a 24-bit control register for the 
·~icroprocessor. It contains tho 24•bit function Box controls and 
carry input plus some of the proc~ssor interrupts and flags~ It is 
subdivided into CA, ca- cc~ CDP each four bits wide; and CP~ eight 
bits wide. CA and CB may be used as general-purpose registers. CC 
and CD represent processor interrupts and flags <see discussion 
under Condition Registers betowla CP contains function Box 
controls: CYf CO bit of CP>~ CPU <1 and 2 bits of C~}p and CPL 
<3~4~s-6, and 7 bits of CP>. CYF <Carry Flip Flop) notifies the 
Function Box ihat a previous unit carry must be added to its 
summary results. CPU <Control Parallel UnitJ notifies the function 
Sox of the type of unit contained in X and Y: OD = binary. 01 -
4Gbit decimal. CPL <Control Parallel Length> specifies the width. 
in bitsP of the Function Box and Read/Write microinstructions. 

COMBINATORIAL LOGIC OR FUNCTION BOX. 

The Combinatorial logic~ often called the function Boxp produces 
the Result Registers. Inputs are the X register- the Y register 
and the Carry Flip•flop <CYf)o The inputs are co~bined t4nder 
control of the Control Parallel Unit <CPU> register and the 
Control Parallel Length CCPL> register. When values are loaded 
into the X and Y registers~ a large collection of output· values 
and comparisons <called Result Ra;isters> is made available to all 
subsequent microinstructions. 
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The Result registers are outputs from the 24•bit Funct~on Box. Their 
contents are produced immediately and automatically from the inputs to 
the Function Box <x, Y and CYF> and cannot be changed except by 
changing inputs or by changing CPU <Control Parallel Unit> or CPL 
<Control Parallel Length>. If the value of CPL is less than 24r then 
tho 24 minus CPL most~significant bits of all Result rogistors will be 
zero. These registers are source registers only and therefore cannot 
be used as the sink Cdestination> register in a MOVE or in any other 
instruction. 

XORY RESULT REGISTER 

This register contains the INCLUSIVE OR of the X register comb~ned 
with the Y register. This is a bit by bit operation with 
corresponding pairs of bits treated independently. 

XANY RESULT REGISTER 

This registor contains tho AND of the X register corabined with the 
Y register. This is the logical product of the X register end the 
Y register. Corresponding pairs of bits are treated independentlyo 

XEOY RESULT REGISTER 

This register contains the EXCLUSIVE OR of the X register eo~1binad 
with Y register~ 

CHPX RESULT REGISTER 

This register contains the t•s complement of the X re~ister~ 

CMPY RESULT REGISTER 

This rogister contains the 1~s complement of the Y register. 
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ttasked X contains the low-order bits of the X register. The value 
of CPL determines the number of bits placed in ~SKX. All other 
high~ordor bit's are·zcro. If CPL is equal to 24• then MSKX is 
identical to the X register& 

HSKY RESULT REGISTER 

Masked Y contains the low-order bits of tho Y register. Tho value 
of CPL determines the numbtH' of bits. pt.aced in HSKY. Ai1 other 
bigh·order bits are zoroG If CPL is eq~al to z4, MSKY is identical 
to the Y register. 

SUM RESULT REGISTER 

Sum is the decimal or binary value (determined by CPU> of tf1e X 
register plus the Y register plus the CYF register. Corresponding 
pairs of bits are grouped by CPU controlr and grouling may be 
binary or 4•bit decimate If the sum of CX+Y+CYF> is larger than 
the size specified by CPLr then the CYL CCarry Level> kill be true 
<one>e CYL may bo gated into CYF through use of the CARRY 
instructione 

DIFFERENCE RESULT REGISTEfl CDiff) 

OIFF stof"es the amount resulting from the subtraction of tho sum 
of the contents of the Y and CYF registers from the contents of 
the X register .. The contents of the CPU register determine HhtJthcr· 
the subtraction is decimal or binary. Corresponding pairs of bits 
aro grouped by CPU. If the difference is negative~ X•CY•CYF><OP 
than Diff Rosult will be tn z•s complement form or lO•s complement 
form depending upon the ruodoP either binary or decimal 
respectively; and CYO CCarry Difference> wi.ll be true <one)u 

NOTE: The CYO register is not conditioned by CPL; it is always 
based on a 24-bit comparison. The programmarp therefore, 
rnust know what is in the high-order position$ of the X 
register and the Y register tf CPL is less than 24. 



BURROUGHS CORPORATION 
SANTA BARBAnA PLANT 

------- .. --
MIL 

COMPA~Y CONFIDENTIAL 
P.S. 2212 5298 

The ~processor makes use o·f the Scratchpad for temporary storage of 
Active registers. Tha Scratchpan may ~e addressed as sixteen~ 48•bit 
double words or thirty·two• 24•bit words. 

SCRATCHPAD WORDS - 24 BITS EACN 

SOA S4A S8A S12A 
SOB S4B S8B S12B 
S1A SSA s 91\ Sl 3A 
s 18 S5B S9B Sl.~B 
S2A S6A SlOA S14A 
S2B 568 SlOB S14B 
S 3A S7A SllA S15A 
S38 578 S11B S15B 

DOUBLE SCRIHCHPAD WORDS - li:8 BITS EACH 

so S4 58 512 
51 S5 59 Sl 3 
52 S6 S10 514 
Sl sr 511 Sl5 

<Sn - SnA ANO SnB concatenated~ where n = O through 15J 

CONSTANT REGISTERS 

The following is a description of tho Constant registerso 

MAXIMUM HAIN MEMORY REGISTER 

The 24•bit MAXS register is set by the field engineer and contains 
the value of the maximum installed number of main meraary bits. It 
ts addressable as a source onlYo Main memory addressos begin at 
zero. Tho lo~er 15 bits are always zero9 ioeo9 MAXS has a 4096 
byte Cl2K bit> rasolution@ 

MAXIMUM CONTROL MEMORY REGISTER 

The ·24 ... bi t: MA XM register h set ·by the field engi na or and contains 
the value of the ~aximum installed number of control ~emory words~ 
each word comprising 16 bits. It is addressable as a source only. 
The lower 10 bits are always zero~ i.e.P MAXM has a 1024 word 
resolution~ On the 81712/81714 MAXH wilt always contain zero~ 
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The NULL register is a 24-bltP addressable field of zeros. 

INPUT/OUTPUT REGISTERS 

The following is a description of the Input/Output registers. 

CONS OLE.., SWITCHES 
(M~He~ory Processor only> 

This 24•bit register reflects the current state of the 24 Console 
switches on the processor. 

CONSOLE CASSETTE TAPE INPUT CU) REGISTER 

Tho U ~egister accumulates the data read from the tape cassette on 
the Console control panel. It is addressable as a so~rce in the 
RUN mode with the MOVE REGISTER ~icroinstruction and in the TAPE 
mode Nith the MOVE 24~e1r LITERAL microinstruction. CSoe MIL 
Statements: lOAD~MSMA.> It is not addressable as a sink 
<destination>. 

COMHANO REGISTER 

The C~ND register is used to transfer commands to the I/O 
controlse It is 24 bjts wide and is addressable as a sink onlye 

DATA REGISTER 

Tho DATA register is used to transfer data to and from the [/0 
controls and their peripherals. It is 24 bits wide and is 
addressabte as a source or as a sink. 
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X AND/OR Y rogisters<s> States Conditions CXYST> 

Each Condition register consists of four bits. The bits are identified 
from left to right and are assigned the position numbers 0 thru 3~ 
with 0 being the most-significant Dit. 

All Condition registers are source registers only. They may be moved 
to ariother register or testedP using the If and SKIP instructions• for 
their current contents. They may not be the sink Cdestination> 
register of any instruction. 

BIT OICN XYCN XYSl ...... .......... ----
0 LSUY MSBX LSUX 
1 CYf )(:::V ANY.INTERRUPT 
2 CYO X<Y y ~JEQ 0 
3 CVL ·x>Y x NEQ 0 

BINARY CONDITIONS CBICN> REGISTER 

flCN INCN 

Fl=Sft 
Fl>Sfl 
fl<Sfl 
fl NEQ 0 

----
NO-DEVICE 
Hl-PRIOfH T'f' 
IN TERRUrT 
Loctrn u·r 

LSUY is true if the teast"'"signif;cant unit of the Y register is 1 
and the Control Parallel Unit <CPU) register specifies binary CCPU 
= 0): or 9 and the CPU register spectf ies decimal CCPU = l>. 

The Carry ftip-flop CCYfl register indicates the value of the 
carry~in bit -in the Controt Parallel (CPJ register. The CYF 
register may be manipulated as part of the CP register and by. the 
CARRY instruction. 

The Carry Difference CCYD> regi-ster is true if XGCCYF•Y><O. This 
condition is not affected by CPL, i.e., a 24~bit compare ts aluars 
mad co 

The Carry Level CCYL) register is true if <X•Y+CYf), limijted by 
the CQntrol Parallel Length <CPL> register~ overflows. 
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HSBX is true if the most 0sign~ficant bit of the X register~ as 
determined by the Control Parallel Length <CPL) register, is a 1. 

NOTE: Tho comparisons of the X register to·the Y rogistar are not 
affected by CPLJ they are always 24•bit compares. 

XY STATES CXYST> REGISTER$ 

LSUX is true if the teast""'significant unit of the X registef· is. 1 
and the Control Parallel Unit <CPU) register specifies binary <CPU 
= O>J or 9 and the Control Parallel Unit <CPU> register specifies 
decimal <CPU= l>G The comparisons of the X register or the Y 
register to zero are not affected by CPLJ all 24 bits of the X 
rogister and/or the Y register are used in the comparisons. 

ANY. I NT ERRUPT 

This bit is true if any of the following conditions in registers 
cc.,, CDP or INCN C~~·Men1ory Processor) are t1~ue: 

Evant 

MISSING DEVICE 

PORT INTERRUPT 

1/0 SERVICE REQUEST INTERRUPT 

CONSOLE INTERRUPT 

HAIN MEMORY READ PARITY 
ERROR INTEHRUPT 

MEMORY WRITE/SWAP ADDRESS 
OUT Of BOUNDS INTERRUPT 

Register <Bit Position> 

INCN<O> 

INCNC2) 

CC(2) 

CC\3) 

COCO) 

Cl)( 3) 

The CC and CD registers ara both 4-bit source and sink 
(destination> registers within the C register. The bits in each 
are numbered 0 through 3P with bit O being the most significantG 
They have been a3signed tho following uses and meanin~s: 
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STATE LIGHT 
TIMER INTEHRUPT 
I/O SERVICE REQUEST INTERRUPT 
CONSOLE INTERRUPT 
MAIN MEMORY PARITY ERROR 
HAIN HEHORY WHITE/SWAP ERROR OVERRIDE 
HAIN MEMORY READ OUT Of BOUNDS ERROR 

CC<O> 
cc Cl) 

CC(2) 
CC(3) 
COCO> 
COO~> 
C0{2) 
COC3l HAIN MEMORY WRITE/SWAP our Of BOUNDS ERROR 

All bits in the CC and CD portions of the C register~ once sat. 
remain set even though the conditions that cdused then to be 5et 
may no longer exist. Therefore~ if it is desired to clear any of 
these bits to zeroP this must be done e~plicitly. CD<t>~ CDC2>• 
and CDCJ> of the c register are always zero in the S-Memory 
Proces5or but stilt may be addressed and testede 

CONSOLE INTERRUPT 
(CC{3)) 

This bit is set when the interrupt toggle s~itch on 
control panel is turned on. It remains sot as tong as 
is on. It can be reset programmaticalty-but not by 
Console toggle sMitch off~ This ~it ts also 
ANY.INTERRUPT when it is on~ 

HAIN MEMORY READ PARITY ERROR INTERRUPT 
CCDCO)) 

the Console 
the switch 

turning the 
ror~ortoci in 

This bit is set when a mafn memory parity error is detected during 
a READ or a READ portion of a SWAP operation or when ~n attempt is 
made to access non°oxistent main memory~ 

MAIN MEMORY ADDRESS OUT or BOUNDS OVERRIDE 
CCOClJ> (~mMemorr Processor oniyl 

This bit is tested if the field Address <FA> register settin~ is 
less than the Base Register <BRJ setting or greater than or equal 
to the Limit Register <LR> setting; then WRifE or SWA? operations 
wilt bo inhibited unless thi$ bit is set (onele The state of this 
bit does not affect the setting of CD<2J or COC3>. 
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This bit is set when a READ operation is attempted and the Field 
Address CFA> register setting is either lass than tho Base 
Register <BR> setting or greater than or equal to the Limit 
Register (LR> setting. The READ operati~n is not inhibited. 

WRITE/SWAP ADDRESS OUT OF BOUNDS INTERRUPT 
CCOCl>> CH 0 Memory Processor only) 

This bit is sot when a WRITE or SWAP operation is attempted and 
the field Address <FA> register setting is either less than tho 
Base Register <BR> setting or greater than or equal to the limit 
Re~ister <LR> scttingo This bit9 when on~ is also reported in 
ANY. INTERRUPT. · 

FIELD LENGTH CONDITIONS <FLCN> REGISTER 

All conditions are based upon comparisons between the 16 bits of 
the fl register ano either zero or the corresponding low•order 16 
bits of the first word in tha Scratchpad <SOB>. 

INTERRUPT CONDITIONS CINC~> REGISTER 
<M·Heraory 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 REAO ANO CLEAR instructione 

HI PRIORITY is true if there ts a high-priority message present in 
the dispatch buffcro 

INTERRUPT is true if there ts 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 is true if tho interrupt system is locked (marked as 0 ·in 
use">• 
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The followfng is a listP arranged by areas of applicationF of 
registers and their associated designations. 

MICROINSTRUCTION CONtROLS 

A (Mic~otnstruction Address> 
H <Current Microinstruction> 
TAS (fop of Address Stack> 
TOPH <Logical Top of M-Hemory> 
HAR <Microinstruction Base Regi•ter> 

S-MEMORY CONTROLS 

BR (B&se Register> 
lR (limit Register> 
FA (field Address) 
fl <Field Length> 
CP <Control Parallel> 

INTERRUPT CONTROLS 

cc 
en 
INCN 

PARALLEL WIDTH CONTROLS 

c 
CP 
CPL 
CPU 
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Tho foltow~ng is a description of the organization of register fields 
and subfields~ expressed in the notation of MIL structured data 
declarations. 

01 C BITC21~)_. 

02 CA 8ITC4), 
02 CB Bilt:l•),, 
02 CC 8ITC4h 
02 CD BIH4),, 
02 CP BIT(8)1' 

03 CYF' HIT(1Jp 
03 CPU BIT(2), 
03 CPL BI H 5H 

NOTE: C does not exist as 
a composite, only 
as subfil.?lds. 

01 L BIH24.),. 
02 LA 8ITC4h 
02 LB B'ITC4h 
02 LC fHTfft)t-
02 Ln BI H 4 h 
02 lE BI TC 4 >,. 
02 lf BITC4·H 

01 F BIT(f~8h 

01 

02 FA UIT<24)~ 
02 fO BIT(24), 

T 
02 
02 
02 
02 
02 
02 

03 FU GITC4h 
03 FT BITC4)jt 
03 fl 81TC16),. 

04 FlC Bif(li)• 
04 FLO BITC4h 
04 flE B!TC4h 
04 flf" BIT!t~>; 

BIT(24h 
TA Oll(.lt.), 
TB BITV~h 
TC 6 IT { !~ h 
TD BIT<4 h 
TE BIT{4h 
Tf BIT<4H 



Hil STAiEMENTS 

following is an alphabetical list of MIL statements found in this 
sectione 

Statement Page Statement Page 
ft>---

ADO SCRATCHPAO 8-2 I MAKE~SEGMENT.TABLE.ENTRY 8•50 
ADJUST 8•3 I HJCRO a-si 
AND 8-4 I *M.MEHORY.BOUNOARV 3.,..52 
ASSIGN 8•6 t tWNI'fOR g .. _-53 
BIAS a-1 I MOVE 3"''54 
BRANCH.EXTERNAL 8•9 I NOP 6"'"5f1 
CALL 6""10 • NORMALIZE 8,-57 
Cfd..:te EXTERNAL 8-11 I OR a-s~ 

CAHRV a-12 I *OVERLAY 5•60 
CASSETTE 8•13 • PAGE 8•6l 
CLE AH 8•14 I POINT 5-62 
CODE.SEGMENT 6•15 I PROGRAM .LEVEL. n-&3 
COMPLEMC:NT 8•1G I READ 8-64 
COUNT 6¢018 l REO LIND A tH.,. CODE 8••66 

DEC 8•20 j RESERVE a SPACE 8•67 
DEFINE 8•2:1 ' RESET u-&s 
DEFINE.VALUE a-22 1 ROTATE 8•70 

•DIS.PATCH 8•23 t SEGt1f.NT u.~ar 1 
EMIToHETURNeTO.EXTERNAL 8-25 I SET .:J-12 
EOR 8•26 I SHIFT/ROTATE T 6•74 
EXIT 8•28 • StHfT /ROTATE X/Y/X't 8-76 
EXTHACT 8-29 I SKIP u-11 
FA.POINTS B°'~H I S.MEf10RYel.OAO 3•79 
fINI 8-32 I STORE 8-30 
GO ro 8·:.u • SUB.TITLE 0""'81 
HALT 8-340 I SUOTRACT SCRATCH PA[) n-a2 
IF' 6•35 ' *SWAP H-03 
INC 8•1.:-1 I TABLE fJ"'84 
JUMP 8--42 1 TITl.E U•85 
LIT 8•43 i TRANSFER.CONTROL Ba86 
LO AU 0-1. 4 I WRilE U0 0 7 

*LOAD ... MSHA 8•45 I WHITE.STRING U"-"89 
lOAO.SMEM a-47 • XCH n .. 9 ! 
MACRO 8•48 I 

* Ava Hable on 81720 systems only 



6 - 2 

ADD SCRATCHPAO 
[

----"'·-·-·---·--··· " .... - .. ,,,! 

ADO SCRA·rcH?AD 

---·~·-·-"'"--'"' -~--···--· ......... ~ 

SYNTAX: __ Ml ___ _ 

ADD·----scratchpad~word·----TO FA·---~>1 

SEMANTICS: 

This instruction adds the left half of any scratchpad 
<SOA ••• Sl5A> to the Field Address CfAl registero The result is 
in FA; the contents of scratchp3d~word remain unchanged. <See 
SUBTRACT SCRATCHPAD.> 

AOO S9A TO FA 

YOti"d 
pt.aced 
also: 



BURROUGHS CORPORATION 
SANTA BARBARA PLANT MIL 

Table B-3: Microinstructions 

8 - 3 

COMPANY CONFIDENTIAL 
p.s. 2212 5298 



~.;Qr;:M,~LIZE:. X 

--- -e.1.-.0 
_ ~-.L.1."~~~-~~~. ~H3P,. ___ _ 

NO OPE RAT!O~..! 

------·-·---------------0-:---:1-------------- -- ----------- -- ~i. 

. ___ , ______________ __;__ ___ -· - --·~ ---·------·---1---------------------·-----·-------- .:;:·;,J 
~·, 0 0 0 0 0 (\ f:' ~ I Q () 0 ) J) i) 0 

--- --------------------·--------4-------------· ·-··-----------
0 ()" 0 0 0 0 0 0 c 0 0 0 

I 
01 

00 I 
10 

0 10 
II 

011 !CO IOI : I 0 I!! 

] 



ADJUST 

SYNTAX: --------
ADJUST LOCATION T0···--·-·-········-~• 0••••••••••literal••••>I 

SE HANT IC S: _____ .. ___ .. 

i I 
J-·-LOCATION-···-·PLUS··->t 

I I 
I··- .+ ···->I 

• • I••• H.I NUS••> I 
I I 
1--- - ---->• 

8 - .3 

[

-·-··-··-··-----·-··---·- ·-·i 
ADJUST 

---.·- --....... --·-· .... .....--.... ~.- _..,. ' 

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 
microinstruction is to be placedP generally by a user•developed 
loader. <See also Segmentation: Label Addresses.> 

·LOCATION PLUS<+> or MINUS<•> increments/decrements the 
·physical.code.address by the value of the literal. If this option is 
not used, the the physical.code.address is set to the value of the 
ti teral. 

The literal must have a vatue of O HOO 16. 

_NOTE: This instruction is generally used to conpensate for 
dispos~bte loader routines. 

EXAMPLE: --------
ADJUST LOCATION TO ~tooa 
ADJUST LOCATION ro LOCATION + 32 
ADJUST LOCATION TO LOCATION MINUS 128 



AND 

SYNTAX: ---- ---
AND··-source.sink.register·--WITH----·source.register----·->J 

I t 
l••literal·-------·>1 

SEMANTICS: ----------

8 .. It 

This instruction logically ANDs the contents of a 4•bit source and 
sink (destination> register with the bit configuration of the literal 
or the contents of a 4-bit source register. The result ts placed in 
source.sink.register; the contents of source.register remafn 
unchanged. <See also: OR and EOR.> 

The register may be any of the following: 

source.sfnt.register 

--------------------·CA CB *CC •CO 
rr ru 
flC FLO f'LE Flf 
LA LB LC LO LE lf 
TA TB TC TO TE Tf 
TOPM cavatable on 81720 only> 

source.register 

---------------source.sink.register 
BICN 
flCN 
tNCN <availabl~ on 81720 only> 
PERR <available on 81720 onty> 
XYCN 
XYST 

* CC and CD represent processor interrupts and flags 

The literal bas a decimal range from 0 to 15. 



AND 
cont 

SEMANTICS --------- cont: ........ 

8 5 

TABLE 8•1: ANO Truth Table 

--------------------------~-------------------------------------I Source & Sink I 
I Register I 

l iterat' 
Source Register 

l Source & Sink I 
I Register I 

1---------------1-------·-----------------------i---------------· • .o I ANO ' 0 • Yields I I 
1--~-----~~~---~1~~--~------~----~---1---~------2---------------1 

• 0 I AND '1 I Yields ' I 

1---------------1-------1------------1----------1---------------1 I· 1 I ANO ' 0 • Yields I 1 
1-----------~~-~1-------1~--~---~~---1--~~-~----1------~~------~1 
I 1 I ANO ' l • Yields t 1 I 

---~------------------------------------------------------------

EXAMPLE: --------
AND TB WITH 3 

-------------------------------------------I TA • TB I TC ' TO I TE I TF I 

----·------1------·------·------·------1------1-------------------I T I 0000 J 1010 I 1111 I 0011 ~ 0001 J 0010 1 before <OAf312> t 

t---·------1-----~·------1------·------·------·------------------1 I I • 0011 t t -- I -- I I literal C3> I 

1---··-----·------·------t------4------·------1------------------· I T I 0000 0010 I 1111 I 0011 I 0001 I 0010 I after <OZF312> I 

-------------------------·----------------------------------------
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ASSIGN [ ASSIGN ] 

SYNTAX: --------
ASSIGN••••ARCHITECTURE.NAME--··· = ••••character.string••••••••••>I 

f I 
J-·-COMPILER.LEVEL-------· = •••literal••••••••••••••••>! 
I f I 
1---MCP.LEVEL------>i I 
I I I 
l•••GISMO.LEVEL••••>t I 
I I 
l•••ATTRIBUTE literal AS identifier·--= -------··O·•••>I 

I I 
1•••1••>1 

SEMANTICS: ----------
This statement assigns values to the various interpreter verification 
attributes. These attributes occupy fields in the IP8 <Interpreter 
Parameter Block> of all HARK IV~l and later interpreters~ They are 
accessed at BOJ <Beginning of Job> time by the HCP and are used to 
verify that the proper interpreter has be~n chosen. 

The character.string 1or ARCHITECTURE.NAME must be a string of 10 or 
fewer characters- and must be enclosed within quotation marts. 

literal has a decimal range from 0 to 255 for CO~PILER.LEVEL• 
HCP.LEVEL• and GISHO.LEVEL; and from 0 to 19 for ATTRIBUTE. 

EXAMPLE: --------
ASSIGN ARCHITECTURE.NAME = •GtSHO.Z6• 
ASSIGN HCP.LEVEL = 197 
ASSIGN ATTRIBUTE 64 AS ITEH.01=1 



BI AS 

SYNTAX: ... _____ _ 

BIAS ev------UNIT------------------------------------------------>I 

SE MA NT ICS: ----------

I 
•••f·-------···•••••••••••••••••>I 

I 
l•••ANO•••••S•••>I 

I I 
l•••CP••>I 

I 

• I 
I 

' •••S··-------------·-•••••••••••>I 
I I 
I •••A NO F••>I ' I 

I 
•••CP•••••••••••••···---------·->I 

I I 
t•••AND F••>I 

·•. 

I I 
l•••TEST••>I 

6 - 7 

·This instruction sets the Control Parallel length <CPL> register and 
the Control Parallel Unit <CPU> register to values calculated fro• the 
gf ven op er ands. 

NOTE: Alt references to register S refer to the Sfl or SFU 
registers in the second half of the first scratchpad word. 
e.g •• the SLF <low order 16 bits> part of the SOB register. 

The CPU register will be set to 1 if the watue of the the Field Unit 
<FU> register is set to 4 or 81 otherwise CPU is set to o. This. is 
done for all variations of BIAS except BIAS BY s~ which sets the CPU 
·register from SFU rather than from the FU register. 

BIAS BY ••• sets the CPL register equal to 24 or to the value in the 
specifjed register if it is tess than 24. BIAS SY UNIT sets the CPL 
register equal to the FU register C4 for ~-bit decimal• 8 for e-bit 
decfmat. or any other value less than 16 for binary). 

If the TEST option is used the above actions are performed. and the 
next microinstruction is skipped if CPL has not been set to zero. 



BIAS 
cont 

EXAMPLE: ___ .. ___ _ 

81 AS By f 

BIAS BY F AND CP 

BIAS BY UNIT. 

8 - 8 

I 
BIAS J 
cont 

This instruction sets the CPL register to 24 or to 
the value of the field length CFL> register. if it 
is less than 24. It also sets the CPU register 
equal to the unit in the FU register. 

This instruction sets the CPL register to 24, to 
the value in·the Fl register. or to ~he value in 
the CPL register. whichever is the smatlest. It 
also sets the CPU register to the unit in the FU 
register. 

This instruction sets the CPL register equal to the 
length of the unit of the type specified by the FU 
register. It also sets the CPU register equal to 
one unit of the type specified in the FU register, 
i.e •• 4•bit decimat, 6•bit decimal- or binary. 

NOTE 

In all cases except UNIT, CPU is set to 1 
if FU <or SFU> i.s 4 or a; otherwise CPU 
is set to o. If UNIT is specified. CPL is 
set directty to the vatiae in ru. 
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BR ANCHe EXTERNAL f~CH.EXTER~ 
SYNTAX: -------
BRANCH.EXTERNAL----To----tabet·--··>I 

SEMANTICS: 

----------
This instruction tr~nsfers control to the external segment location 
specified bY label. <See: Segmentationol 

label must be associated with a run· time address that has a 
displacement from the BRANCH.EXTERNAL instruction of less than 4096 
microinstructions. 

NOTE: If an external segment does not exist because SNO EXTERNAL 
has been specified, BRANCH.EXTERNAL is equivalent to GO TO. 

EXAMPLE: --------
8~ANCH.EXTERNAL JO EXTERNAL.SEGMENT.LABEL 
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CALL 

SYNTAX: --··---
CALL--·---------·-·-·label--··>I 

I 1· 
I••• • ••>I 
I I 
1--- • ••>I 

SEMANTICS: ----------
This instruction stores the address of the next microinstruction in 
the A stack~ then branches to the t6cation specified by tabet. 

The location specified by the tabel may be a aaxi•um of 4095 
microinstructions away from the CALL instruction. 

EXAMPLE: ---·----
CALL H.IN.OUT 
CALL +ABC 
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CALL.EXTERNAL CALL.EXTERNAL 

SYNTAX: -------
CALL.EXTERNAL•••••tabel•••••>t 

SEMANTICS: 

----------
This instruction stores the address of the next microinstruction in 
the A stack, then branches to the external segment location specified 
by label. <See: Segmentation.> 

Label must be associated with a 
displacem~nt from the CALL.EXTERNAL 
microinstructions. 

run time address that has a 
instruction of less than 4096 

NOTE: If an external segment does not exist• because SNO EXTERNAL 
has been specifiedF CALL.EXTERNAL is equal to CALL. 

EXAMPLE: --------
CALL.EXTERNAL .BEGINNING.Of .LOOP.1 
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CARRY ~] 
SYNTAX: -------
CARRY•••••••O•••••-••••••••••••••>I 

• . I 

·---1----------->1 
' I 
l•••SUH•••••••••>l 
I I 
1--·DlfFERENCE••>I 

SEHA NT I cs: ----------
This instruction sets the Carry CCYF> register to either 0 or 1. 

CARRY O or CARRY 1 sets the CYF register too or l respectively. 

CARRY SUM sets the CYF register to the value of CYL single bit. 

C~R~Y DIFFERENCE sets the CYF register to the value of the Carry 
Difference CCYD> registar: 

-----~--------~--------~----~-----~-~----~---I X>Y 1 X=Y ANO CYF=O I X=Y AND CYF=t I X<Y 1 

1-----1---------------1---------------1-----1 CYD I 0 I 0 • 1 I 1 I 

The CYO registerp unlike the CYl register is not conditioned by the 
CPL register. That is~ all 24 bits of the X and Y registers are 
compared whe~ setting CYF by the CYD register. The progra1mer should. 
therfore• know what is in the high•order position of the X and Y 
.registers when using the CYO register if the CPL register is set to 
less than 21+. 



CASSETTE 

SYNTAX: -------
CASSETTE•••••••START•••0 •••••••··----~-·-·••••••••••••••>I 

SEHA NT I CS: 

----------

1 I 
l•••STOP••••••-•••• 9 •••••••••••••••••••>f ~ 

I I 
t-·-WHEN X-·--··ECL Y•••••••>t 

a I 
l•••NEQ Y•••>I 

8 - 13 

[:mm 1 

This instruction causes the system cassette tape to start or stop a 
READ operation at the next inter-record gap. 

The information read from the cassette is loaded into the U register 
and remains there for a maximum of ·two clock cycles before the U 
register is cleared. 

EXAMPLE: --------
CASSETTE STOP 
CASSETTE STOP WHEN X EQl Y 
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CLEAR --'] AR 

----~-

SYNTAX: ______ .. 

l<----------------~-----------· • I 
CLEAR---·--·-··-·register-·----------··------·->I 

I I 
t•••scratchpad.word··->I 

SEMANTICS: ______ .. __ _ 

This instruction sets the specified register<s> or 24•bit scratchpad 
word<s> to zero. 

The following.may be cleared: 

register · 

------------------------------A 
BR 
CA ca •CC •CO CP CPU 
FA rs fl FT FU 
FLC f"LO FLE flf 
LA LB LC LO LE LF 
TA f 8 T C _TD TE T F TA S 
TOPH <available on 81720 only> 

scratchpad.word 
__________ .. ___ _ 

SOA 
••• 
S15A 

SOB 
••• 
5156 

* CC and CD represent processor interrupts and flags 

Each register clear takes one clock cycleJ each scratchpad word takes 
two cloct cycles. 

NOTE: MOVE NULL TO register witl be generated for each register 
specified on 81710 systems. 

EXAMPLE: --------
CLEAR S10A 
CLEAR BR l CB 548 TOPM FU 
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CODE.SEGMENT CODE.SEGMENT 

SYNTAX: -------
CODE.SEGHENT··-··label----->I 

SEHA NT IC s: -----------
See Segmentation: CODE.SEGMENT 



COHPLEHENT 

SYNTAX: --------

8 - 16 

COHPLEMEN-;J 

COMPLEMENT register <literal>••••••••••••··-·-------·····••••••••••••>I 

SEHANTICS: 

-----------

I I 
I ·I<•••••••••••••••••••••••••••& I 
I I I I 
1----·ANO-·-register <lit~rat>·--·-t 

This instruction COMPLEMENTs <switches the state of> the specified 
bit. By using the options, more than one bit in any one register can 
be complemented with the same instruction if ALL BITS are in the SAHE 
4•BIT REGISTER. <See also: SET and RESET.> 

The register may be any 4•bit source and sink (destinati~n> register 
betow: 

CA CB CC CD <CC and CO represent processor interrupts and flags> 
FT FU 
flC FLO flE flt 
LA LB LC lD LE LF 
TA TB TC TO TE TF 
TOPH <avaiabte on 81720 onty> 

It may also be the FL~ FB# L- or T register: all bits must then be fn 
the same 4•bit subfield. 

The literal has a decimal range from 0 ~o 3 for a 4•btt register; from 
0 to 15 for ·the Fl register; and from 0 to 23 for the rs., L• and T 
registers. 
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COMPLEHENT' 
cont 

-----, 
COMPLEMENT i 

EXAMPLE: ........... 
COMPLEMENT LOCO> ANO L(13> 

LA LB LC LO LE Lf 

--------------------------------------------------~---·------l I · 0 0 0 l I 0 0 1 0 t 0 0 11 I 10 0 0 t 0 101 1 0110 ·· I · before C 1 Z 3 8 5 6 > I 
l••••••f••••••J••••••J••••••t··---~f-•••••I•···---~·-···• I 

L t 0001 I 0010 I 0011 1 0100 I 0101 I 0110 I after <123~56) I 
I l I I Jt I I I I 

-----------------------11------------------------------------0 3 4 7 8 11 II 15 16 17 18 23 
I I 

LOCO> <••II••> l(13) 

cont I 

It should be noted that most registers can be adressesed tn either of 
two ways: 

LA LB LC· LO LE LF 

----~---~--~--------~----~------------------~---------~--
I 0 3 1 0 3 1 0 3 1012310 3 • 0. 3 • 

1-------1-------1--------·---------1---~-----1----------· I O ••• 3 t 4 1 • a ••• 11 1 12 ••• 1s 1 16 19 I 20 ••• 23 t 

--1------------------------1-1-----------~---------------,. 
I••> L<O> 

or 
lA(O) 

I I 
l0(0) <••I ·1·•> L<131 

or 
L<12> 

or 
LDC 1> 

-
I 
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COUNT 

SYNTAX: -------
couNT····FA·---uP------------M••-·-------------av--cPL--------------->1 

I 
I 
I 
I 
I 
I 
1 
I 
I 

I 
I 
I 

. I . I 
t·- •AND FL DOWN-·> t 

I 
I 

•• 
l••DOWN•••••••••••··-----------·->t 

I I I 
l••ANO FL•••••UP••••••I I 

I I f 
l••OOWN••>I I 

I 

1--rL----uP------·------------~-------->1 

SEMANTICS:· 

----------

• 
I 
I 

I 1 
l••ANO FA OOWN••>I 

I 
I 
t 

f ••DOWN---------------------·····>I 
I I 
l••ANO f A•••••UP•••••••I 

I I 
l••OOWN••>I 

I I 
l•literal•••••••••>I 

• I 
I •BITS->I 

This instruction increments or decrements the designated registers by 
the vatue of the literal or the contents of the Control Parallel 
Length <CPL> register. If the value of literal is Qp the value 
contained in the CPL regjster is used. 

If the FA re~ister is counted down, it may pass through G (f.e.. ff 
fA=O and is counted down by 1, 1t Mill be set to hex FFFF>. If the fl 
.register is counted down, it will not become less than o. 

If either the FA or fl register overflows~ wraparound to or through O 
w'lll occur; e.g.,. ff either fs equal to the maximum value tt can 
contain and is counted up by 1, it becomes equal to o. 

The titeral has a maximum decimat vatue of 7Z. 



COUNT 
cont 

EXAMPLE: --------
COUNT FA UP AND fl DOWN BY 10 

-----------------~--------------~-~---------------------·----FA I 0000 I 1001 • 1010 1 0111 I 1111 I 1011 I before (09A7FB> I 

·------·------1------1------1------1------1-----------------1 • I 1 • -- f -- I 1010 ' tit er al • A a 
1------1------1------1------1------·----·-1-----------------· FA I 0000 ' 1001 I 1010 I 1000 s 0000 t 0101 I after <09A805> I 

----------------------------------------·--------------------
----~----~-----~-~--------~~----------~--------FL I 0000 I 0000 . I 0000 • 1000 t before (0308) I 

1------·------·------·------1-----------------1 I -- • -- I -- I 1010 I literal - A . I 

·------1------1------1------1-----------------· Fl I 0000 t 0000 I 0000 ' 0000 I after (0000) I 

-----------------------------------------------

8 - 19 

COUNT 
cont 

FA is counted up by decimal 10 (hexadecimal A>1 while 
down by 8 to its minimum value. 

f L is counted 
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DEC 

SYNTAX: -------
DEC-~source.sfnk.register--BY·----source.register------------------->I 

I I f I 
l•••literal-•••••••>I t---TEST·->I 

SEMANTICS: 

----------
This instruction decrements the contents of a 4•bit source and sink 
<destinati·on> register by the value of the literal or the contents of 
a 4•bit source register. The resutt 1s placed in source.sink.register; 
the contents of source.register remain unchanged. <See also: INC.> 

The register may be any of the following: 

source.sink.register 

-~-----~---------~--CA CB •CC •CD 
. FT FU 

FLC FLO FLE f"lf 
LA LB LC LO LE Lr 
TA TB TC TD TE TF 
TOPH Cavaiabte on 81720 onty> 

source. register 

·--------------source.sink.regf ster 
BICN 
flCN 
INCN <available on 81720 only> 
XYCN 
XYST 

• CC and CD represent processor interrupts and flags 

The literal has a decimal range from 0 to 15. 

If the TEST option is used and source.sink.register underflows Cfs 
decremented beyond o, the smallest value it can contain>~ the next 
~icroinstruction is skipped. If underflow does not occur or if the 
TEST option is not used, the next microinstruction is executed. 

NOTE: 

EXAMPLE: ---------
DEC TB BY 7 

Alt 4•bit registers count modulo 16; e.g., if 
contains a value of 0 and is decremented 
underflows to a value of 14. 

DEC FLO BY LC TEST 

a regf st er 
by 2- it 
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DEFINE EJ 
SYNTAX: --------
DEfINE•-•••identifier = •••••••••••••••••• j ••••••••••••>I 

I I 
·1-··string••>I 

SEMANTICS: ------···--
This declarati~n assigns a name <identifier> to a string of 
characters. Any subsequent reference to the identifier is replaced by 
the string. 

String may be a $Cratchpad name <24 or •a·bit>J a register name; a 
literal; a part of one instruct ioni an entire instruction,. part of 
which may have been previously DEFINEOJ or empty. It may neither begin 
with a pound' sign<•> nor contain any embedded pound signs. 

The entire DEFINE declaration must be contained on one card• and alt 
DEFINEs must be declared prior to any executable instruction • 

. Nested DEFINEs are allowed up to 13 tevets. 

EXAHPLE: --------
DEFINE SOURCE.POINTER = 531 
DEFINE OP.REG= LI 
DEFINE TEST.OP = ~800000~# 
DEFINE HINT = CC(3)# 

.DEFINE IGNORE.HALT= RESET HINT# 

% LOAD f FROM SOURCE.POINTER 
% CLEAR OP.REG 
X HOVE TEST•OP TO OP.REG 
% RESET HINT 
% IGNORE.HALT 
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DEFINE.VALUE DEFINE.VALUE 

SYNTAX: · -------
OEFINE.VALUE••••••••••identifier = liieral••••••••••••••••••••••••••>I 

SEMANTICS: ----------

t I 
1-- + ----·literal••>I 
I I 

·-- - -->f 

This instruction assigns the value of the arithmetic result of the 
literals to the identifier. Any occurrence of the identifier in the 
program is replaced by its assigned value. 

DEFINE.VALUE creates up to a 24•blt literal. Vat~es less than zero are 
in z•s complement notation and are 24 bits tong. 

Previously defined identifiers may be used as literals. 

The literal may be a hex value, a binary value, or a character used as 
two hex values. 

EXAHPLE i --------
DEftr~E. VALUE AA = ;asoa % VALUE is hex 000050 
DEFINE B = AA + 1 % VALUE is hex 000051 
DEFINE C = AA • 3 % VALUE is hex 000040 
DEFINE.VALUE f03 = a<t>OOlO~ + 4 % VALUE is hex 000036 
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DISPATCH [:mTCH] 
<available on 01720 systems only> 

SYNTAX: -- ·-·--
DISPATCH·---·LOCK~-----~----~----·~-----~-~---~-~-------~---~-------~>t 

I I I I 
I t•••SKIP WHEN UNLOCKEO-->I 1 
I. t 
l•••WRITE••••••••-••a•••••••··-·•••••••••••••>I 
t I 
1•••REAO••••••••••••••••••••••••••-••••••••••>I 

SEMANTICS: ------ ----

I t 
l•••ANO CLEAR-·>t 

This instruction sends a message <e.g.~ an- I/O descrfptor address> 
from· the processor to a device on an 1/0 port. 

Before sending a message to a port, the processor should first attempt 
to gain control of the interrupt system with a DISPATCH LDCK. This is 
necessary because the interrupt system is shared by alt ports. 

DISPATCH LOCX locks <marks as •fn use•> the interrupt system. If the 
interrupt system is already tocked- the next microinstruction ts 
skipped. 

DISPATCH LOCK SKIP WHEN UNLOCKED tocks the interrupt system or skips 
the next microinstructjon if the interrupt system is already unlocked. 

DISPATCH WRITE sends a 24-bit message to a port. Before a DISPATCH 
WRITE is executed. the L register must contain the 24-bit message; the 
seven least-significant bits of the T register must contain the 
destination port Cbits 17-19) and channel numbers <bits 20-23). The 
contents of the L register are then stored in .the Dis~atch buffer 
<main memory locations 0•23>• and the port and channel numbers are 
transferred to a hardware register <Dispatch register> in the port 
fnterchange. The contents of the l and I rey1 ster remain Lim: hanged. 



DISPATCH 
cont 

SEMANTICS cont: 
--------- -----
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DISPATCH 
cont 

DISPATCH READ transfers path a 24-bit message from the Dispatch buffer 
to the L register~ and th~ source port and channel numbers to the 
seven least-significant bits of the T register. 

NOTE: If TC23l is found set after a DISPATCH READ and the source 
port is an I/O multiplexor. a m~in memory parity error was 
encountered during the fetch of an I/O descriptor address 
or an I/O descriptor, or during a RESULT SWA> operation. 
Cons~quently, the message transferred to the l register 
wilt be the address +24 of the parity error. 

DISPATCH READ ANO CLEAR does everythin a DISPATCH READ will do and in 
addition clears the Interrupt Condition <INCNl register. That is. it 
RESET$ all INCN bits to zero. 

Only the leait•significant seven bits of the T regist~ are involved 
in any DISPATCH operation. 

If the SKIP WHEN UNLOCKED option is used with any variant other than a 
DISPATCH LOCK# the next-micro instruction is skipped. 



EMIT.RETURN.TO.EXTERNAL 

SYNTAX: 
~---~--

EHIT.RETURN.TO.EXTERNAL•••••••••••••••••>S 

SEMANTICS: 

----------
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EHIT.RETURN.TO.EXTERNA~ 

This instruction causes the compiler to emit the common code necessary 
to get back to the main.segment from the external segment. This code 
also includes th& return code when the segment is exited for the last 
time. <Sae: Segmentation.> 



EOR·--source.s1nk.register-·-WITH------~source.regfster------->t 

• • l•••literal•••••••••>I 

SEMANTICS: 

----------
This instruction logically EXCL~SIVE ORs the bits in a ~-bit source 
and sink (destination> register with the value of the literal or the 
contents of a 4-bit source regi~ter. The result is placed in 
source.sink.register; the contents of source.register remain 
unch~nged. <See also: ANO and OR.> 

The register may be any of the following: 

source.sink.register 

--------------------CA CB •CC *CD 
fl FU 
flC FLO FLE flf 
LA LB.LC LO LE lf 
TA TB TC TD TE TF 
TOPH <avaiable on 81720 only> 

source.register 

---------------source.sink.register 
6ICN 
fLCN 
INCN <available on 81720 only) 
PERR <available on 81720 only> 
XYCN 
XYST 

* CC and CD represent processor interrupts and flags 

The literal has a deci•al range from O to 15. 



EOR 
cont 

SEHA NT I CS ... -----.---~ 

cont: 
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TABLE 8•2 EOR Truth Table 

----------------------------------------------------~-----------' Source & Sink t 
I Register t 

Literal 
Source Register 

I Source & Sink I 
t Register I 

1-·-·--------·--1-------------------------------1-----·---------a I 0 • EOR I 0 I Yields ' I 

1---------------1-------1------------·----------·---------------· I 0 I EOR 1 l I. Yields I l I 
1~~----~~---~--~1-------1-----------~1----------1------~--------1 
I 1 • EOR I 0 I Yields I 1 I 
1---------~~--~-1-~----~1----~--~-~--1----------1----~-~------~-1 
I 1 I EOR • 1 I Yields ' --------------·-----------~~--~~------------------~----------~~-

EXAMPLE: --------
EOR TB WITH 3 

-------------------------------------------• TA I TB TC t TO I TE I TF I 
----1-~----1------t--~---1~~~-~~1------1~--~--1-~--~---~~------~--
I T t 0000 I 0101 t 1111 I 0011 I 0001 t GOlO I before <~Sf312> I 

1---1------1------·------1------i------1------1------------------· I • -- I 0011 I -- -- -- I -- ' EOR (030()00) I 

1---·------·------1------1------1------1------·------------------· I T I 0000 J 0110 l 1111 I 0011 I 0001 1 0010 I after tOGf 312> I 

~-----------------------------------------------------------------
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EXIT ~] 
SYNTAX: -------
EXIT••••••••••>I 

SEMANTICS: ----------
This instruction returns program control to the catting routine by 
causing t~e compiler to generate a HOVE TAS TO A operation. 

The top of the A stack <TASJ is moved to the ADDRESS CA> register~ 
which is used by the hardware logic as the address of the next 
microinstruction to be fetched. The stack is decremented automatically 
by the hardware after the Nove. 

NOTE: MOVE TAS .To A may be used instead of EXIT with the same 
result. 



EXTRACT 

SYNTAX: -· -- ---
EXTRACT-·arithmetic~exp BITS FROM T <literal>--------·····-----·>I 

I I 
f ••declared.id FROM .T••••••-m••••••••>I 

SE HANT ICS: -----------

I I 
l••(literal)n••>t 

I 
1--ro---L-·>t 

I I 
1--r••>t 
I I 
1--x-->1 
I I 
1--r-->t 

8 .. 29 

This-instruction isolates the specified bits from the T register and 
aoves them to a destination register (L, T, x, Y>. If a destination 
register is not specified, T is assumed. 

The value of the following combinations may not exceed 24 bits: 

arithmetic.expression + literal 
CPL+ literal 
DATA.LENGTH of declared.identifier 
DATA.LENGTH of declared.identifier + literal 
DATA.LENGTH of declared.identifier + DATA.ADDRESS of declared.identifier 

NOTES: 

1. If arithMetic.expression = o. CPL indicates the number of 
bits extracted. 

2. If the starting bit for declared.identifier is not spectfied., 
its DATA.ADDRESS is used. 



EXTRACT 
cont 

EXAMPLE: --------
TA re 

EXTRACT 4 BITS fffOM TC20> TO L 

TC TD TE TF 

-------------------------------------------------------------T I 0000 f 0001 I 0011 J 1000 t 1110 t 0100 I before <0138£4) 1 

-----------------------------------------------·------~------T<20l 

LA LB LC LO LE Lr 
--------~--~-----------~~---~--~~-----------~---~----~---~---L I 1001 1 1110 I 0011 t 1001 I 1111 t 1100 t before (1E39FC> I 

·------·-~----1------1------1------1------1-----------------f L I 0000 1 0000 l 0000 I 0000 t 0000 I 0100 I after (000004) I 

-------------------------------------------------------------
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EXTRACT 
cont 

Register T remains unchanged while its four extracted bits are placed 
tn the L register. The bits are right•JusttfiedJ leading zeroes are 
added. 

NOTE: EXTRACT 0 BITS f~OH T<23> TO a destination register may be 
specifed, but the programmer must OR into the M register 
the number of bits to be extracted. Caution must be 
exercised, however, when ORing into the M register: the 
machine hardware instruction requires the right-bit pointer 
for the extraction field• not the teft. The hardware also 
tndexes the T register from 1 to 24• ·left to rf ght. not O 
to 21; the assembler performs this conversion. 
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FA.POINTS FA.POINTS 

SYNTAX: -------
FA.POINTS TO•••••••••arithaetic.expresston••••••••••>I 

SEMANTICS: ----------
This pseudo-operation does not generate any code. It merely informs 
the compiler of the current contents of FA. This information is then 
used when compiling the POINT constructs in the READ~ WRITE and POINT 
instructions. 

The FA.POINTS and POINT constructs are provided so that the user may 
symbolically reference the memory structures declared f n a declaration 
state~ent. Such references will show up in a cross-reference listing 
and can often result in automatic code changes when the declaration 
changes. 

EXAMPLE: --------
DECLARE 

j 01 STRUCTURE~ 
02 DATA.A BITClQ), 
02 DATA.a CHARACTER (20), 
02 OATA.C FIXED; 

FA.POINTS .TO DATA.A 
READ DATA.LENGTH <DATA.A) BITS TO X POINT FA TO DATA.8 
POINT f A TO STRUCTURE 
HOVE OATA.C TO FA 
WRITE DATA.LENGTH <DATA.Cl BITS FRO~ y POINT FA ro DATA.a 
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FINI FINI J 
SYNTAX: -------
FINI-------------~I 

SEMANTICS: ______ .. __ _ 

This instruction signals the compiler that the end of the input reco~d 
has been reached. It should be the last statement in the source 
program. 
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GO TO 

SYNTAX: -------
GO TO·-··-··-·····-···-label••••••->i 

I t 
·--- + -->J 
I I 
1--- - ••>I 

SEMANTICS: ,.. ________ _ 

This instruction transfers control to the location specified by label. 

Label must be associated with a run time address that has a 
displacement from the GO TO fnstruction of less than 4096 
•icroinstructions. 

EXAMPLE: ____ _. __ _ 

GO TO SORT.ROUTINE 
GO TO -LOOP.l 
GO TO +LOOP.2 
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HALT ~] 
SYNTAX: 
----91--

HALT······-·--···~-----~>I 

SE HA NT IC S: 

----------
This instruction brings the processor to an orderly halt. The settings 
of the Console switches determine the register displayed. 

Pressing the START pushbutton on the system Console wf ll cause the 
processor-to again begin executing microinstructions. If the STEP/RUN 
switch is fn the STEP position~ only one microinstruction is executed. 
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[f 

SYNTAX: -------
FORMAT 1: CONDITIONAL PROGRAM CONTROL ------ -- ----------- ------- -------

If•••register 
I 

Cliteral>·-------------~---THEN-··--·-state1ent·------·>I 

I 
I 
I 
I 

I 
I 
I 
J 

• 

1 I 
t••TRUE··->1 

• • l••f AlSE··>I 

I 
I 

• I 

l••condition·-------·->I 
I 
I 
I 
I 

1<------------------------------------~------1 I 
I 
I 

l<·---------1 I I 
t••BEGIN-·•statement--•ENO••••••••••••••·~·-···········•••••••••> 

FORMAT 2: ------ --

' I 
t 
l••ELSE 

I 
l<·------·--1 I 
I t I 

BEGIN•••statement·-·END·->I 

CONDITIONAL COMPILATION CONTROL 

----------- ----------- -------
•·<----------' 
I I 

IF••aodute.option••••••••••THEN INCLUDE 
I 1 

BEGIN•••statement•••ENO••••••>I 
I 

t•TRUE••>I t 
I I I 
l•FALSE•>I I 

I 

• l<••••••••••••••••••••••••••••••••••·--------~---•••••••••••I 
I 
t 
I 
I 
l•••ELSE 

l<•••···--·-1 

• t 
BEGIN·-·statement•••ENO••••••••••••••••••••••••-••••••> 



IF 
cont 
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~] 
SEMANTICS: _. ________ _ 

FORMAT 1: CONDITIONAL PROGRAM CONTROL 
-~---- -~ --~-----~-- ~-~---- ---~---

This instruction tests a bit<s> for TRUE <one> or FALSE <zero>. If the 
test condition is met, either the specified single state1ent or the 
specified BEGIN/ENO statement<s> is executed. If the test ~ondition is 
not met .. a branch around the first BEGIN/ENO pair is ta.ken, and the 
ELSE BEGIN/END statement(s) is executed. <See also: COMPLEMENT~ SET 
and RESET.> 

logical operators are valid on the registers immediately following the 
If• with the following restrictions: 

1> All registers logically related must be within the same 4•bit 
group: IF TCOl and T<3> is valid, IF T<Z> and T<'> is not. 

Z> Ontv two register elements may be logically related: IF T<2> 
or T<O> is valid, IF T<2> and T<1l and T<O> is not. 

l> NOT logic may be applied anywhere:- Ir NOT < L<l> or NOT L<O> 
> is valid. 

The register may be any 4•bit source and sint <destination> register 
below: 

CA CB CC CD <CC and CD represent processor interrupts and flags> 
FT FU 
FLC FLO flE FLF 
LA LB LC LO LE lf 
TA TB TC TO TE Tf 
TOPH Cavaiable on 81720 only> 

The register may also be the FL, re~ L, or T register: all bits •ust 
then be in the same 4•bit subfield. 

The literal points to the bit position which is to be tested. It has a 
decimal range from O to 3 for a 4-bit register; from 0 to 15 for the 
FL register; and from O to 23 for the re~ l and I register. 

The condition may be any of the following conditions available froa 
the condition registers: 



------

---
I 
I 
I 
I 
I 
I 
I 
I 
I ··--
---

.. ··-----------
---
---
---

I 
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x ------- = 
____ .. ____ ., ... _ 

0 -----------~-~-~-->I 1--- EQL --->• 2 I • ·--- NEQ --·>I 

, ___ 
y --->' I 

t I 
1--- < -------------v------------·>t , ___ 

GRT ··->I I ·--- > --·>J I 1--- LSS •••>I I , _ _._ 
GEQ --->t I ·--- LEQ --->• I 

I 
y ------- = im------------ 0 --- --------.->1 ·--- EQL •••>I t I I 1--- NEQ --->I 3 ... -- x --·>I I 

I • 1--- < ------------- x ---------.. ·->I ·--- GRT --->• t ·-- ... > •••>I I 
,~ .... -. LSS --->J I ·--- GEQ •••>I • 
·-~- LEQ •••>I I 

I 
un. INTERRUPT -------------------------->• I 
FL••••••. = 

------------ 0 
•••••••••••>I 

CYO 
CYF 
CYL 
LSBX 

LSBY 

LSUX 

lSUY 

HSBX 

·--- EQL ·--- NEQ 
I ·--- < 1--- GRT ·--- > 
t---. LSS ·--- GEQ 

·-~~ LEQ 

•••>I 

--->• 
I I 
I•• Sfl ••>I 

I 
I 

• 
----------· Sfl --------·-·>I 
--->t 
•••>I 
-·->I 
--·>1 
-··>I 

• I 
I 
I 
I 
I 

·-----··---·-·-·-------------------->1 Borrow Out level 
------------------------------------>J Carry Fltp-Flop 
•••n·-·--·--·-·------·-u••••••••••••>t Carry Out level 
------------···--·-···-----~0 ------>1 Least Significant 

I Bit of X 

·----------------·-·--------------·>t Least Significant 
I Bit of Y 

----------·----------------------·->I Least Significant 
I Unit of X 

---------------·-----·------------->I Least Significant 
I Unit of Y 

---------------~------------------->1 Most Significant 
I Bit of X 

·--- LOCKOUT------------M·------------------->f 
I·-- HI.PRIORITY •••••••••••••••••••••-••••••>I 
I··- INTERRUPT ------------------------------>I 
t••• NO.DE Vt CE ••••••••••••••••••-•••••••••••>l 



If 
cont 

SEMANTICS cont: 

--------- -----
Any combination of conditions that is contained in one 
registor can be tested using AND/OR logic if all bits can 
for TRUE <on) or FALSE <off). For example. the followin~ 
conditions: 

CYL AND LSUY 
CYL OR CYO 

Example: IF CYL ANO LSUY TRUE THEN GO TO END 
·1r CYL OR CYO FALSE THEN GO TO BEGIN 

If TRUE or FALSE is not specified. TRUE is assumed. 

Example: IF TOC2> THEN GO TO LABL7 

Register TO Branch To LABL7 
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condition 
be tested 
are valid 

----------- -----------------------------------

EXAMPLE: ---·----

0101 
1101 
0111 
0011 

Note: 

NO <bit position two is OFF> 
NO <bit position two is OFF> 
YES <btt position two is ON> 
YES (bit posit~on two is ON> 

T0<2> could have been referred to as T<14> 

The following examples fttustrate format 1: Conditional Progra~ 
Control: 

If x = y THEN GO TO •A 

IF TB<l> OR TBC3> THEN EXIT 

IF lf(2) THEN 
HOVE X TO Y 

IF FU<1> FALSE THEN 
COMPLEMENT TC10) 

ELSE 
RESET FL(5) 
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IF IF 
cont cont 

EX A f1 Pl E con t : ------- -----
IF flf(3) FALSE THEN 

BEGIN 

IF 

IF. 

ENO 

LA<Ol 
BEGIN 

RESET fB<l> ANO FB<l> 
CLEAR Sl4A 

THEN 

HOVE TAS TO T 
ENO ELSE 

HOVE FA TO T 

TD<l> THEN 
HOVE L TO x 

ELSE 
BEGIN 

MOVE T TO X 
MOVE SUM TO x 

ENO 

IF LA = 14 THEN 
BEGIN 

HOVE 512 TO X 
END 

FORMAT 2: CONDITIONAL COMPILATION CONTROL 
-~---- ~- -------~~-- ---------~~ ~------

This instruction should be used for conditional inclusion of code, 
depending upon the setting of a user•deflned~ module.option toggle. 
This module.option toggle is declared and SET or RESET via a module 
option s card. <See Appendix A: MIL Compiler Operation.> 

Hore than one module.option toggle can be tested wtth the same IF 
statement by using 'ND/OR logic. If NOT is used in front of any 
module.option toggle~ that module.option toggle is checked for the 
RESET state. If both TRUE and FALSE are omitted~ TRUE is assumed. 

Note: A conditional inclusion-block m~y not he used to include or 
exclude a BEGIN statement when the associated END statement is not 
part of the block. 



If 
cont 

EXAMPLE: --------
The following are examples of conditional inclusion of code: 

S SET DEBUG, RESET TRACE 
S SET TRACE• RESET 81700 
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~] 

After processing these s cards. the module options will be set TRUE or 
FALSE as follows: 

DEBUG = TRUE 
TRACE = TRUE 
81700 = FALSE 

If DE3UG THEN INCLUDE 
CALL DEBUG.ROUTINE 

If TRACE THEN INCLUDE 
BEGIN 

ENO 

CALL SAVE.REGISTERS 
CALL.TRACE.ROUTINE 

If DEBUG AND NOT 81700 INCLUDE 
BEGIN 

HOVE T TO X 
ENO ELSE 
BEGIN 

END 

HOVE L TO X 
MOVE T TO SOA 

IF NOT TRACE OR 81700 INCLUDE 
BEGIN 

HOVE L TO X 
HOVE T TO SlA 

END ELSE 
BEGIN 

END 

CALL TRACE.ROUTINE 
HOVE T TO X 

Any of the preceding examples may be nested withfn any of the above 
BEGIN/END pairs up to a maximum of 15 levels. That is• at any given 
time during a compilation there may be at most 15 BEGINs that have not 
been paired with their r~spective ENDs. 



INC 

SYNTAX: -------

8 .. 41 

INC~·-source.sf nk.register·-BY--··--source.register------------------>I 
I " I I t 
l•••literal·····-·••>t l•••TEST·->I 

SEMANTICS: 

----------
This instruction increments the contents of a 4•bit source and sfnk 
<destination> reyister by the vatue of the literal or the contents of 
a 4•bit source register. The result is placed in the source and sink 
register; the contents of the source register remain unchanged. <See 
also: DEC.> 

The register may be any of the following: 

source.sink.register 

--------------------CA CB •CC •CD 
FT FU 
fLC FLO fLE FLF 
LA LB LC LO LE lf 
TA TB TC TD TE Tf 
TOPM <avaiable on 81720 only> 

source.register 

---------------source.sink.register 
BICN 
f LCN 
lNCN <available on 81720 only> 
XYCN 
XYST 

* CC and CD represent processor interrupts and flags 

The literal has a decimal range from O to 15. 

If the TEST option is used and source.sink.register· overflows Cts 
incremented beyond 15- the largest value it can contain), the next 
•icroinstruction is skipped. If overflow does not occur or if the TEST 
option is not used. the next microinstruction is executed. 

·NOTE: 

EXAMPLE: 
-·-- -91- .. 
INC LB BY 7 

Alt 4•bit registers count modulo. 16; e.g., tf 
contains a value of 15 and is incremented 
overflows to a value of t. 

INC FLO BY BICN TEST 

a register 
by 2• It 



JUMP 

SYNTAX: ---- ---
JUHP····-·•••fORWARO····-·······--~·-···•••••••••••••>t 

I . I. 
f •••BACKWARD••>I 
I 

' 1 1•• 0 literal••>I 
I 
I 
I 

1---ro-----------------·tabet··-------·->i 
I t 
t--- + -->t· 
I I 
1-~- • ••>I 

SEMANTICS: ---- ------

8 - 42 

~] 

This instruc~ion transfers control to the designated location. 

The address of label is limited to a maxiaum relative displacement of 
plus or minus 4095 microinstructions. 

The literal has a decimal range from 0 to 4095. 

If literat ts "ot specified• FORWARD/BACKWARD causes the compiler to 
generate a JUMP instruction with a displacement of zero and a 
direction· sign of plus or minus. This is to facilitate ORing the 
actual displacement into the the H register prior to the execution of 
a JUHP instruction. 

EXAMPLE: 
----~---

JUMP TO +LOOP.1 
JUMP TO ENO.OF.CODE.LABEL 
JUHP FORWARD 12 
JUMP BACKWARD 



8 - ft3 

LIT 

SYNTAX: 
•••• 11 ..... --

------·HOVE------literal 10------·sink.register--------·--·->I 
. I I i I 

f •••LIT•••>I l•••scratchpad.word·----->I 

SE HANT I CS: ----------
This instruc~ion moves a literal to any sink <destination> register 
<except the H register> or to any 24•bit .scratchpad word. <See also: 
MOVE.> 

The literal may be any decimal integer from 0 to 16777215~ a 
hexadecimal number from ~oa to ~fffffa, a binary number from a<l>O~ to 
aC1>11111111111111111111111l~# or a character string up to three 
characters in length. Leading zoros are not required unless the actual 
value of the literal is zero. The value of the literal should not 
exceed the maximum value that the sink register can contain; ff less
the zero fill occurs. 

literal moves to a 24"bit scratchpad word generate MOVE literal TO TAS 
followed by HOVE TAS TO scratchpad.word.· 

PROGRAMMING NOTE 

It is recommended that the MOVE instruction be used 
inste.ad of LIT. 

EXAMPLE: --------
HOVE 12 TO l 

-------------------------------------------I LA. I . 1-B I LC I LO I LE t LF I 

----1------1------·------·------·------·------·-------------------I L I 0 0 11 I 0 0 0 0 I 1 0 0 l t 1 0 1 0 I 0 0 01 I 0 0 11 I b e fore < 3 0 9 A 1 3) • 

·---·------·------·--~---1------J------1------·------------------1 I I •• f •• I •• I f •• I •• I LIT <C> ' 1---1------1------1-----~·------4------·------1----------·-------1 I L I 0000 I 0000 f 0000 I 0000 t 0000 I 1100 t after (03000C> t 

---------~-------~-~------~---~---~-----~--~---------~---------~~-
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LOAD 

SYNTAX: -------
LOAD r FROH•••••doubte.scratchpad.word•••••>I 

SEMANTICS: 

----------
This instruction moves any 48•bit double scratchpad word cso ••• 5151 to 
the field <F> register. 

NOTE: The compiler will generate two HOVE instructions ~or 81710 
systems. 

EXAMPLE: --------
LOAD f f ROH Sll 



8 - 45 

LOAO.MSHA LOAO.HSHA J 

<available on 81720 systems only> 

SYNTAX: 
------~ 

LOAO.HSHA•••••••••START•••••••••••• 0 >I 
I I 
t•••STOP••••>t 

SE~ANTICS: 

----------
This pseudo-operation causes the compiler to either start or stop 
prefacing alt emitted microcode with the first 16 bits of a HOVE 24 
BIT LITERAL TO HSMA instruction. 

The above action is required when a microprogram is to be loaded into 
control memory from a cassette tape while the system is in the TAPE 
mode. The action of the hardware while in this mode is as follows: 

.READLOOP 
READ 16 BITS FROH THE CASSETTE .TO THE U-REGISTER 
MOVE U TO H 
If H = FIRST HALF OF 24•BIT LITERAL HOVE~ THEN READ 16 BITS 

FROM THE CASSETTE TO U 
EXECUTE THE HICRO•OPERATOR IN M 

<If M=a9DOO~=MOVE 24-BIT LITERAL.TO THE CONTROL MEMORY 
WORD ADDRESSED BY THE A•REGISTER; THEN u, WHICH NOW 
CONTAINS THE ACTUAL MICROINSTRUCTION1 IS MOVED TO 
CONTROL MEMORY ADDRESSED BY THE A-REGISTER ANO A IS 
INCREMENTED BY ll 

IF M = CASSETTE STOP THEN 
STOP CASSETTE ANO HALT PROCESSOR 

ELSE 
JUHP TO -READLOOP 

No statement .between LOAO.HSHA START and its corresponding LOAO.MSHA 
STOP may reference any label which has not been declared prior to the 
LOAO.HSHA STOP. 



LOAD.HS HA 
cont 

EXAMPLE: --------
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LOAD.MSHA 
cont 

The following source code could be used to enable a micro~rogram to be 
loaded from a cassette into control memory, beginning at control 
memory address zero: 

MOVE 0 TO A 
SEGMENT ANYNAME AT 0 
LOAD. t1SHA ST ART 

• 
• 

OU croprogr am> 
• 
• 

LOAO.HSHA STOP 
HOVE 0 TOA 
CASSETTE STOP 



LOAD.SHEM 

SYNTAX: -- -- ---
LOAQ.SMEM-------·-START--~-------···>I 

SEMANTICS: __ ., ______ __ 

I I 
1-··STOP-···>1 
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I LOAD. s~-EH J 

This pseudo-instruction causes the compil~r to either start or stop 
appending each microinstruction with the following instructions: 

MOVE 24 BIT LITERAL TO X 
W~ITE <25) BITS FROM X 
WRITE 16 BITS FROM X INC FA 

These tnstructions are required when a micropTogram is to be loaded 
into ma1n memory from a cassette tape while the system is in the TAPE 
•odes 

EXAMPLE: --------
HOVE 4096 TO fA 
LOAD.SMEH START 

• 
• 

<microprogram> 
• 
• 

-LOAD.SHEM STOP 
CASSETTE STOP 

X START ADDRESS 

NOTE: The FA must start at a mod 32 value. 
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MACRO c=_ 
SYNTAX: -------

l<••••••••••I 
I I 

MACRO macro.identifier·----------·····-------- = 0 --state1ent··- I ••>I 

• l••(fpl>··-···--·••••>I 
I I 
··-(fp2,fp3, ••• fp7)••>1 

SEMANTICS: ----------
This declaration assigns a name <macro.identifier> to a series of 
statements and declares any format parameter~ <fp> which nay be used 
fn the macro definition. Any subsequent reference to macro.identifier 
is replaced by th9 actual parameters in the reference. 

The actual ~arameters used in the reference to a macro must be- stngte 
tdentifiers·and must not not contain embedded blanks or special 
characters. The one exception is that an actual parameter could be a 
DEFINE identifier and therefore could .canta~n an embedded dash. 
However. the DEFINE identifier itself would then have to define a 
valid- actual parameter. for example~ x. 3• H80lf• and TO are valid• 
actual parameters. but 3 TO X and < are not. Actual parameters may not 
be omitted; as with format parameters, they sust be enclosed in 
parentheses and separated bv commas. 

The macro declaration must be contained ·on one tine and must be 
term~nated with an equal sign<=>. 

The macro def intion must then follow with 
last statement must be.terminated by a 
reason, a HACRO must not itself contain a 
reference another HACRO or a DEFINE which 
but must not be recursive. 

one statement per lfne. The 
pound sign Cl)i for this 

pound sign •. A HACRO may 
has been previously declared 

All MACROS must be declared prior to any executable instructions. 



MACRO 
cont 

EXAMPLE: --------
The de cl arati on 

HACRO WRITEMCWRITEHl• WRITEM2, WRITEH3)= 
XCH WRITEHl F WRITEHl 
WRITE 24 BITS FROM WRITEM2 HRITEH3 FA AND DEC fl 
XCH WRITEMl F WRITEH1# 

when referenced as 

WRITEMcso- x. INC) 
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MACRO 
cont 

results in the reference being replaced by the following tn·line code: 

XCH SO F SO 
WRITE 24 BITS FROM X INC FA ANO DEC fl 
XCH SO f SO 



HAKE.SEGMENT.TABLE.ENTRY 

SYNTAX: -------
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KAKE.SEGMENT. TABLE.EN~RYJ 

HAKE.SEGHENT.TABLE.ENTRY·--------·-···--------------->I 
. . t t 

t-··VALUE literal•••>I 

SEMANTICS: 

----------
This instruction causes an entry to be written to a segment table 
which connects labeled segments with their sequence number. This 
facilitates the creation of the segment table required for normal 
state segmented execution. <See: Se~mentation.> 
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MICRO 

SVNTAX: ____ .,. __ 

HICRO----------literat--------------->a 

SEMANTICS: __ .. ______ _ 

This instruction places a lG•bit constant in line. The programmer is 
responsible for providing any protection that may be needed to prevent 
a HICRO from executing: Therefore this ·'instruction should be used 
rarely. 

The literal has a decimal range from O to 65535. 

EXAMPLE: --------
MICRO ~0001a % THIS PLACES A HALT MICROINSTRUCTION IN LINE 
MICRO ~8 3AA4) % UHS IS EQUIVALENT TO "HOVE ~AAa TO .l .. 

.MICRO "22· % THIS IS EQUIVALENT TO ~f 2f2~ 
HICRO "HI" % '"HI• = acac9a 



H.HEHORY.BOUNOARV 

(available on 81720 systems only> 

SYNTAX: -------
H.MEHORY.BOUNDARY••••••HINIMUH••••••••••>t 

f I 
i •••MAXI HUM••>I 

SEHANTICS: ____ .. ____ _ 

This instruction sets the H.HEHORY boundary 
Clnterpreter Parameter Block> of a MIL program. 

8 - 52 

H.HEMORY.BOUNDARY 

wt thin the IPB 

MINIMUM specifies that the program will be loaded into H·~emory at the 
current code address. 

HAXIHUH specifies that the H•Hemory loading will stop at the current 
code address. 
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MONITOR [ MONITOR 

SYNTAX: -- -- ---
HONITOR•••m•(iteral-·-··>t 

SEMANTICS: -- -- -- ~----

This instruction emits the monitor micro-operator with the literal 
occurrence identifier. <See also Appendix a: MONITOR.> 

The literal has a decimal range from 0 to 255. 

EXAMPLE: ............ 
HONI TOR 5 
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HO 'IE 

SYNTAX: -------
MOVE-·source.reg·----------------------------To----source.sfnk.reg•••>I 

I I I I 
l•scratchpad.word·---~----------------->I 1-scratchpad.word->1 
I I 
I-ADDRESS <label.ref )••••••••••••••••••>I 

i I 
I I 
1- + •••arith.exp•>I 
I I I 
I• - •>I I 

I 
••arith.exp·----------------------~--->I. 

I 
••SEGMENT.COUNT·-----------~--------·->I 

I 
••HEX.SEQUENCE.NUMBER•••••••••••-•••••>I 

I . I 
. ·--cooE.SEGHENT.NUM0ER----------------·>I 

SEMANTICS! ----------
This instruction·copies the specified information into a source and 
sink <destination> register or scratchpad word. 

ADDRESS <tabet.ref> is a literal value equal. to the code address of 
the label reference. 

SEGMENT.COUNT is a literal value equal ~o~ the number of tiaes a 
segment statement has occurred. 

HEX.SEQUENCE.NUMBER is a literal value equal to the last six digits of 
the source statement sequence·nymber. 

CODE.SEGHENT.NUffSER is a tf teral value equal to the current code 
se.g8ten t number. 



HOVE 
cont 
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HOVE J 
_c_ont-· 

SEMANTICS cont: ___ ., ____ _ -----
The following are restrictions·on an S·Hemory Processor. 

1. If ADDRESS or arith.exp has a value greater than 255# and 
source.sink.reg is CP. the move will not take place. 

2. If source.reg is u, source.sink.reg may not be TAS, H~ or A. 

3. If source.reg is A. cp, "' or DATA, source.sink.reg may not 
be a 4•bit register. 

4. If ·source.reg is SUH or Dlff, source.sink.reg may not be CHND 
or DATA. 

The following are restrictions on both an S•Memory and M•Hemory 
Processor. 

1. When source.reg is DATA, source.sink.reg may not be DATA or 
CHND. 

2. When source.sink.reg is H• the operation is changed to a 
BIT-OR which modifies the next micro-operation; it does not 
Modify the instructions stored in memory. In tape mode no 
BIT•OR takes place. A literal value generated from ADDRESS, 
arith.exp~ or SEGHENT.COUNT may not be moved to the H 
register. 

EXAMPLE: ---·----
HOVE X TO Y 
HOVE 48 TO SlA 
HOVE ADDRESS <+ GLOP> TO T 
HOVE 10 TO TA 
HOVE S12A TO 5108 
HOVE ADDRESS <BLAH>• 16 * 8 -·1 TO FA 
HOVE SEGMENT.COUNT TO r· 
HOVE <81+<3*10>•1>12 TO Y 
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NOP 

SYNTAX: ____ .. __ 

NOP•••••••••••••••-••••>I 

SEMANTICS: ----------
This NO OPERATION instruction does nothing except use one clock cycle 
and take up one word of control or main memory. 
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NORM Al I ZE NOR HALI ZE 

SYNTAX: -------
NORHALIZE•••••••••··----·-·>i 

SEMANTICS: ----------
This instruction shifts the ·contents of the X register left while 
counting the Fl· register down until eith~r the sost·signif icant bit of 
X <determined by CPL> equals 1 or fl equals G. If the most•signiftcant 
bit of X is at.ready 1,. or ·if FL is already o~ then no shift takes 
place. 
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OR c:=J 
SYNTAX: -------
OR•••source.sink.regfster··-WITH·--·--·source.register·--·-··>I 

I I 
l•••literal·-----·•••>I 

SEMANTICS: 

----------
This instruction is used to logically OR the contents of a 4-bit 
source and ~ink <destination> register with the value of the literal 
or the contents of a 4-bit source register. The result ts placed in 
source.sink.register; the contents of source.register remain 
unchanged. CSee also: AND and EOR.> 

The register may be any of the following: 

source.sink.register 

--------------------CA CB •CC •CD 
rr ru 
FLC FLO flE f lf 
LA La LC LO LE LF 
TA TB TC TD TE TF 
TOPM <avaiable on 81720 only> 

source.register 

---------------source.sink.register 
BJCN 
FLCN 
·INCN <available on 81720 only> 
PERR cavailabte on 81720 only> 
XYCN 
xrsT 

• CC and CD represent processor interrupts and flags 

The literal has a decimal range from 0 to 15. 



OR 
cont 

SEMANTICS ---- ----- cont: -----
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TABLE 5•3 OR Truth Table 

- - - - - - - - - - - - - - - - - - -911 - - - - - - - - - - - - -.- - - .. - - - - - - - - - - - - - - - - - - - - - - - - - - -
I Source & Sink t 
I Register I 

Literal 
Source Register 

I Source & SinK I 
I Register· I 

1-----~---------1------------------------------J---------------1 I ·O I OR • 0 • Yields i I 

I 1 I OR 0 ' Yields I l ' 1---------------1------1------------1----------1---------------1 I 0 • OR 1 I Yields I 1 I 
l••••••••••••• 0 •l••••••l••••••••••••j•••-••••••l•••••••••••••-•f 

1 I OR I 1 I Yields ' l I 

----------------------------------------------------------------

EXAMPLE: __ '1]9 ____ _ 

OR TB WITH 3 

-------------~-----------------------------I TA I ra I TC TO TE I TF I 

----1------t------1------1------1------1------1-------------------I T I 0 0 0 0 t 0 10 1 1 1111 I 0011 I 0001 I 001 O· I· before <OSF312> I 

1·--1------a------•------•------1------1------1----------·-------• I I -- I 0011. t -- I • I I literal I 

··---·----~-·------1------1------·------·------·------------------· I T I 0000 I 0111 I 1111 I 0011 I 0001 I 0010 I after (07F312> ' ------------------------------------------------------·-----------
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OVERLAY El 
<Available on 81720 systems only> 

SYNTAX: -------
OVERLAY•••••••••••••••••••-•>I 

SEMANTICS: 

----------
Thts instruction overlays control memory from main memory. Before an 
overlay is initiated the L register must contain the first control 
memory overlay address. the FA register must contain the beginning 
main.memory address~ and the FL register must contain the length in 
bits to be o~erlayed. Overlay will continue until the Fl register 
equals 0 or the A register is out of bounds. If the A register goes 
out of bounds. FA contains the address of the next aicroinstruction in 
main memory; FL contains the length in bits of unfetched data. 

The action of the hardware executing this instruction is as follows: 

HOVE A TO TAS 
HOVE l TO A 
READ 16 BITS TO L INC FA AND DEC FL 
HOVE l TO CONTROL MEMORY AODflESSED BY A 
INC A 
TEST FL=O OR 4 OUT OF BOUNDS 
NO LOOP TO READ EVENT 
YES ENO INSTRUCTION 
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PAGE 

SYNTAX: -------
PAGE••••••••••••••••>t 

SEMANTICS: ----------
This instruction causes the source listing to skip to the top of a new 
page at compile time. Code is not generated. 
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POINT EJ 
SYNTAX: -------
POINT FA TO------arithmetic.oxpression·---*->I 

SEMANTICS: ---.---.----
This pseudo•operation causes the compiler to generate an instruction 
that adjusts the value of FA to the value of the arithmetic 
expression. 

Prior to the execution of this instruction,, the compiler must have 
been given some knowledge of the contents of FA. This can be done via: 

HOVE arithmetic.expression TO FA 

or 

FA.POINTS TO arithmetic.expression 

fA will 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 WRITE.> 

EXAMPLE: --------
DECLARE 

01 STRUCTURE,, 
02 DATA.A BITClO>• 
02 OATA.B CHARACTER<20), 
02 OATA.C FIXED; 

FA.POINTS TO DATA.A 
READ DATA.LENGTH (DATA.A> BITS TO X POINT FA TO DATA.a 
POINT FA TO STRUCTURE 
HOVE DATA.C TO FA 
WRITE DATA.LENGTH <DATA.Cl) BITS FROM Y POINT FA TO O~TA.B 



PROGRAM .L EVEl 

SYNTAX: -------
1c-~------~~cAr~---------~--~~1 
I • PROGRAM.LEVEL••-••••••wcharacter.string"-•••••••••••••>t 

SEMANTICS: 
---------9: 

I t 
t•••TOOAYS.OATE·--··•••>i 
I . I 
I • - • T 0 DAYS .. T I ME• - .., - ··-• • > 1 · 
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i'ROGRAM.LEVEL 

This instruction places forty characters of information fnto the 
PROG~AH.LEVEL location of the IPB <Interpreter Parameter Block>. 

If the TITLE. statement is unused .. the title headings of the program 
listing will reftect the PROGRAH.LEVEL information • 

. EXAMPLE -------
PROGRAM.LEVEL "THIS IS A SUBHEADING• CAT TODAYS.TIME 
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READ ~] 
SYNTAX: -------
READ-··HSHL To x---------------------~----------------------------·-->1 t I 

•-·-----------------------------------ro-----x--------------·> I I 
J-·literal----BIT--·>1 

I I 
t••BITS·->1 

I I 
l•REVERSE•>t 

I ' l••Y••>1 
I t 
l•-T••>t 
I t 
l••L-·>I 

I 
I 
I 
I 
I 
I 
I 

• I 

i<·-~-~--~~---~~~---~-~~~--~----~--------~--~------~~---1 
I 
I 
t•••••INC-·-·FA··-·-·····••••••••••••••••••••••••••••••••••••> 

I I • ,. l••FL-~---------··>I 
I •• ' I l••FA ANO DEC FL·->I 
I • I 

• I ••FL AND DEC f A--·>I 
f 

·--oEc----f A----------------------------------------------> I I I 
I l••FL•••••••••••••>I 
I I I 
I 1·-FA ANO FL••••••>f 

• I I 

' ·--fl ANO f A--·--·>J 
I t I 
I I ••fA AND INC fL-•>t 
I I I 

• I ••fl ANO INC f A••>I 

• 1· ' I •··FA AND DEC FL••>J 
I I I 
I 1--FL AND DEC FA-->t 
I I 
l••POlNT FA TO airthmctfc.expression·~------------·------->I 



READ 
cont 

SEMANTICS: ----------. 
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An H·Memory READ <MSHL TO X> instruction roads to the X register the 
16 bits in M•Memory pointed to by the contents of the L register. The 
contents of l must be modulo 16. This facility is not available on 
S•Hemory Processors. 

An S·Hemory READ instruction reads from 0 to 24 bits of 
from S·Memory into one of the allowable sink <destination> 
x. Y, T,. or L. 

tnfor11ation 
registers: 

If the literal is zero or is not specified. the field length is given 
by the contents of CPL. The read data will be right justified in the 
selected sink register. If the field length is zero then x. Y• y, or L 
will be set to zero. 

Normally, on an S•Hemory read, the contents of the FA register point 
to the first bit of the field to be read. If the REVERSE option is 
used, the contents of the fA register point to the last bit + 1 of the 
field to be read. The sink register receives the contents of this 
field as if it had been read in a forward direction. 

INC/DEC adjusts FA/FL by the field length alter the operation but in 
the same microinstruction. 

POINT FA adjusts FA by up to 144 + field length bits after the 
operation. CA warinig message wftl be issued if the adjustment is 
greater than 72 + field length bits>. The POINT FA option can be used 
onty if literal BITCSJ is specified and is greater than o. <See also: 
FA.POINTS and POINT.> 

EXAMPLE: --------
READ HSHl TO X 
READ 24 BITS TO X 
RE AD TO Y I NC FA 
READ 2 BITS REVERSE TO T DEC FA ANO fl 
READ REVERSE TO L INC FL 
READ 10 BITS.TO f POINT fA TO 100 



REDUNDANT.CODE 

SYNTAX: -------
REDUNDANT.COOE-----START--------·> 

i . I 
l•••STOP••>I 

SEMANTICS: .............. 

8 - 66 

REDUNDANT.CODE 

Thi s i n s tr u ct i on c au s e s t he comp i l er t o ·du pl i c ate each m i c r o. I t t s 
used to facilitate loading programs to memory. 
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. RESERVE.SPACE RESERVE.SPACE 

SYNTAX: -------
RESERVE.SPACE FOR•••••arithmetic.oxpression•••••BITS•••••••••••>I 

SEMANTICS: ----------
This instruction causes the compiler to emit a 
NOP•s <i.e •• d0000~> to allow for the number 
arithmetic.expression. 

sufficient ntimber 
of bits specified 

of 
by 

The actuat amount of space reserved wilt always be HOO l&• therefore 
up to 15 bits more than that specified by· the arithmetic.expression 
may be reserved. 

EXAH.PLE: --------
DECLARE IO.DESCRIPTOR 9IT<188); 
• 
• 
• 

DESC.LOCN 
RESERVE.SPACE FOR DATA.LENGTHCIO.OESCRIPTOR) SITS 



RESET 

SYNTAX: -------
RESET····-·-·register 

I I 
l•NOT•>S 

SEMANTICS: 

----------
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~-] 

<literal>--------------------------·----------->I I I 
I l<···--------------·-··••••••••J I 
I I I I 
l••••ANO••••••••register <literal>-·>I 

t • 
l9!NOT•>j 

This.instruction RESETs <sets to zero> the bit specified by the 
literal into the register. By using the options- more than one bit in 
any one register can be reset with the same instruction ff ALL BITS 
are .jn the SAHE 4•8IT REGISTER. CSee also: COMPLEMENT and SET.> 

The register may be any 4•bit source and sint <destination> register 
be tow: 

CA CB CC CO <CC and CD represent processor Interrupts and flags> 
fT FU 
FLC FLO flE flf 
LA LB LC LO LE Lf 
TA TB TC ro TE Tf 
TOPH Cavaiable on B1720 only> 

It nay also be the fl• ra, l~ or T register: all bits must then be in 
the sa•e 4•bit subfield. 

The literal has a decimat range ftom O to 3 for a 4-bit register; from 
0 to 15 for the FL register; and from 0 to 23 for·'·the fB• l, and T 
regf sters. 
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RESET 
cont 

-

__ R_E_S_E_T_ .. J cont 

EXAMPLE: ----·---
RESET T<O> ANO TA<l> 

TA TB TC TD TE TF 

-------------------------------------------------------------T I 1 111 I 1 0 1 O. t 110 0 I 111 0 f 1 0 0 f I 1 0 0 1 I before < F ACE 9 9 > I 

·------1------1------1------1------·~-----·-------------- • T t 0110 I 1010 t 1100 I 1110 ! 1001 I 1001 I after <6ACE99l 1 
t I It I I f I I t 

--··-·----~-------------------------------------~------------0 I 
I 

TtO><••I 

13 4 7 8 
f 
l••>TA<3> 

11 15 16 17 18 23 



ROTATE 

SYNTAX: -------
ROTATE----·T·--LEFT BY-----literal BITS--------~----------·•••>t 

I f t I I I 
t I 1--·CPL-··--·--·->t l••To register-->I 
I I t I 
-· ·--RIGHT BY literal BITS·-->• I 
I I 
1 I 
1---x------------LEFT------er----literal BITS-------->I 

• I 
l•••Y•••>I 
I I 
l•••XY••>I 

SEMANTICS:. ----------

I . I 
I• ••RIGHT•·>• 

See SHIFT/ROTATE T and SMIFT/ROTATE X/Y/XY. 
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SEGMENT ET-] 
SYNTAX: 
------~-

SEGMENT•••••NEWSEGMENT•••••••••-•••••••••••••••••••••••••••••••>I 
I I I I 
l••tabet••••••>t f••AT•••••ADDRESS <label> •••••>I 

I t 
l••literal--------·->t 

Note: The literal must be MOD 16. 

SEHA f~T IC S: 

-----------
See: .segmentation. 



0 - ( ~ 

SET. ,----:··-.. -. ]-· 
L__:' 

SYNTAX: ----'!"'--
SET••••••••••register TO titeral••••••··---------··----·-····------·>I 

t I t I 1-NOT->l a-r e·g·i st er <tit erai >---------·----.------------------·->I 
1 • 
I i<••••••••••••··--------------a 1 
I I I I 
t••AND··--··--register Cliteral>••>I 

1 ' 1-NOT•>I 

SEMANTICS: ______ 9i __ _ 

This instruction SETs the register to the vatue of the literal or SETs 
<bit=one> the bit specified by the literal into the register. By using 
the options more than one bit in any one register can be set with the 
same instruction if ALL BITS are in the SAHE 4•BIT REiISTER. (See 
also: COMPLEMENT and RESET.) 

SET register TO literal: The register may by any 4•bit source and sink 
<destination> register listed below. 

C~ CB CC CD <CC and CD represent processor interrupts and flags> 
FT ru 
FLC FLO f lE flf 
LA LB LC LO LE lf 
TA TB TC TO TE Tf 
TOPH <available on 81720 systems only> 

It may atso be the CPU register. If CPU is used,. the literal ·has a 
decimal range from O to 3; otherwise the literal has a range from O to 
15. 

SET register <literal>: The register .may be any 4•bit source and sink 
register Usted above. It may ·a4.so be the fl, fB, l,. or T register: 
all bits must then be in·the same 4-bit subfield. The lit~ral has a 
decimal range from O to 3 for a 4•bit register; from 0 to 15 for the 
FL register; and from o to 23 for the Fe. L, and T registers. 
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SET 
cont ~] 

~ 
EXAMPLE: 
••-•o••• 

SET TA TO 3 

TA TB TC TO· TE Tf 

---------------------~---------------------------------------T I 1111 I 0 1 0 0 I 0 l 0 1 I 0 11 0 I 0 111 I 10 0 0 ' be f 0 r e ( F 4 s· 6 7 8 ) 

1------1------1------J------·------·------·-----------·-----1 T I 0011 ! 0100 I 0101 I 0110 J 0111 t 1000 I after. <345678> I 

-----------------------------------·---·-------------------·-

SET TCCZ> AND T<lll 

TA TB ·re TD TE TF 
--~~---------~-----~--------~•a-•••••~---~----•-••••-••~~----

T t 0001 I 0010 I 0000 1 0100 t 0101 t 0110 I before (120456> t 

T 1· 1001 I 0010 I 0011 j 0100 t 0101 I 0110 I" after (923•56> 

------------------11-----------------------------------------II 
TC<2> <••ti-·> T<ll> 
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SHIFT/ROTA TE T SK I FT /R 0 TA TE T 

SYNTAX: _,., ____ _ 

••••SHIFT 
I 
I 
t .. 

•• .s 
I 
I 
I 
I 
t 
I 
I 
I 

T·--··LEFT 
• • • l•••RIGHT 

BY••••literal BITS•••••••••••••••••••••••••••>t 
I I I I I 
t--CPL---·----··>J l••TO register••>I ·I 

I 
BY tit er al BlTS-------------------------·>t 

• t . 
1---ro-----x-·>I 

I I 
l•••Y••>I 
I I 
l•••T••>I 
I I 
t·--l-·>I 

1 
I 
I 
I 
I 
I 
I 
I 
I 

I •••ROTATE T•••LEFT BY--·-·literal BITS·-·---------·--·-·----->I 

SEMANTICS: ----------

I . • 
I 
I 

I •••CPL••••••••••> t· 
1 

f ••RIGHT BY· literal BITS•••>I 

i I 
1~-10 register••>t 

This instruction SHIFTs or ROTATEs the contents of the T register and 
pLaces the result either in T or in some other source and sink 
<destination> register~ If the result is not placed in the T register~ 
T remains unchanged. SHIFT wilt zero fill; ROTATE wilt put the 
•ost·significant bit in the least-significant bit position and shift 
the remainfng bits. 

The literal has a decimal range from O to·2•. 

·SHIFT/ROTATE T LEFT: If 0 or CPL is used, a· shift or rotatfon by the 
value of the CPL register wilt occur. If CPL is greater than 24• 24 is 
used. 

TO register: places the shifted or rotated results in the specified 
source and si·nk register; the T register remain~ unchanged. If the TO 
register option-is not used~ the result is placed in the T register. 
The register may any source and sink register except OATA or MBR 
trofer to: Registers And Scratchpad>~ If the register is ~. the result 
of ~the SHIFT/ROTATE operation is BIT•ORed into the H register and 
modifies the next microi.nstruct ion. 
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SH IF TI R 0 TATE T 
cont 

SHIFT/ROTATE T 
cont 

SEMANTICS cont: ... ------- -··--
ROTATE T RIGHT: Because the hardware can only rotate the T register to 
the left, the compiler converts this instruction to the proper left 
rotate to accomplish the same result as the rotate right. 

SHIFT T RIGHT: Because the hardware can only shift the T register 
left- the compiler will generate an EXTRACT to accomplish the same 
resutt. Therefore, the T register may be shifted right only to the x, 
y, T or l register. If the ro ••• option is not used, the result is 
placed in .the T register; otherwise~ the T register remains unchanged. 

PROGRAMMING NOTE 

It is recommended that the EXTRACT instruction itself be 
used, rather than SHIFT T RIGHT. 

EXAMPLE: --------
ROTATE T LEFT BY 4 BITS 

TA TB TC TD TE Tf 

-------------------------------------------------------------T I 0110 t 0011 a 1000 j 0101 I 1111 I 0000 1 before (6385FO> I 

1------1------1------1------1------·------1---~-------------1 T f 0011 I 1000 1 0101 I 1111 I 0000 I 0110 I after C385F06> I 

------------~---~------~-~-------~~~-------------------------

SHIFT T LEFT BY 4 BITS 

TA TB TC TO TE TF 

-------------------------------------------------------------T I 0110 • 0011 I 1000 t 0101 1 1111 I 000-0 I before C6385FO> I· 

1~-----1------·------1------1------1------·--~--------------1 T I 0011 I 1000 I 0101 I 1111 f 0000 1· 0000 I after (385FOO> I 
•••••••••••••••-•••••••••••••••••••••-•••••a•~••••••••••••••• 
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SHifT/ROTATE·X/Y/XY SHIFT/ROTATE X/Y/XY 

SY.NT AX.: -------
-----SHIFT-----------x------------LEFT------av----literal BITS----->I 

I ' I. I t I 
l··~ROTATE••>I f•••Y•••>I t--·RIGHT-·>t 

• I 
1---xv·-·>1 

SEMANTICS: ----------
This instructfon shifts or rotates ~h• x- Yr or. XY register <X 
concatenate Y> a specified number of bits to the right or left. Zero 
fill will occur-with the SHIFT instruction. 

The .iiteral has a decimal range from O to 23 for the X and Y register; 
and from o to 47 for the XY register. 

NOTE:The literal has a maximum value of 1 on the 81710 systems 
with the concatenated XY register. 

EXAMPLE: --------
SHIFT X LEFT BY 5 BITS 
ROTATE XY RIGHT BY 40 BITS 
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SKIP ~] 
SYNTAX: --·----
SKIP WHEN··-·register••ALL-----------~-----literal·--------------·-> 

I I I t I 11 I 
I I l•••CLEAR•->I I I 1-·-FALSE·->I 
I I I t 
I I -··AN Y••••••••••••>t·· I 
f I I I 
I j ••aEQl*•••••••••••>I I. 
1· I 
t-·-condition····-----····-····---------·>I 

SEMANTICS: ----------
This instruction causes one microinstruction to be ski~ped if the 
designated condition is satisfied. <See also: IF.> 

SKIP WHEN register: The literal contains a 4-bit mask and may be 
comprised of decimal- binary, or heaxadecimat entries. 

ALL is considered to be true only if all the bits in the register 
corresponding to one bits in the mask are· true. That is.. only the 
designated bit positions are tested to see if they contain ones. ANY 
fs true if at teast one bit in the register corresponding to a one bit 
in mask is true. EQL is true if all the reg1ster bits equal the 
corresponding bits in the mask. That is, the register must be exactly 
like the mask. 

ALL CLEAR causes the masked bits of the register to be set to zeros 
after testing the ALL condition. Only the bits tested are cleared. and 

·the clearing action always occurs whether··the SKIP is taken or not. If 
ALL is used with a et ask of 0000.., the result 1 s always false. 



SKIP 
cont 

· SE-HANTICS cont: _________ _... ........... 

FALSE causes a skip when the whole condition is false. 
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SK l~--1 
cont _ 

'SKIP ~HEN condition: The condition may be any condition available from 
the condition registers. <See: If.> 

The register may be declared as follows: 

FU TA ·LA CA BICN 
f T TB LB CB flCN 
FlC TC LC cc I NCN 
FLO TO LO co XYCN 
FLE TE LE XYST 
FLF Tf Lr 

PROGRAMMING NOTE 

The use of the IF ••• THEN ••• ELSE instruction is 
recoQmended rather than the SKIP instruction. The SKIP is 
limited to oneP 4•bit grouping mask in one register and may 
only skip one microinstruction •. The_ IF is capable of 
testing any combination of bjts in many registers or 
skipping blocks of microinstructions and will generate a 
SKIP WHEN hardware microinstruction whenever possible. 



8 - 79 

S.HEMORY.LOAD S.MEHORY.LOAO 

SYNTAX: ---- -- ., 

S.MEHORY.LOAD••••••START·~---··•••>t 

SEMANTICS: 

----------
This instruction specifies the location for beginning statements in 
S.HEHORY. Code is not generated. but the· code address of the last 
statement is placed in the IPB <Interpreter Parameter 8loct> at 
RESERVEO.M.HEHORYe 
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STORE 

SYNTAX: --·----
STORE f INTO·---·-double.scratchpad.word·-···>t 

SEMANTICS: ----------
This instruction HOVEs the field <F> register irito any double 
scratchpad word cso ••• s151; the r register remains unchanged. 

NOTE: The compiler generates two HOVE instructions on 81710 
systems. 

EXAMPLE: ---·----
STORE f INTO 56 



SUB.TITLE 

SYNTAX: -------

SUB.TITLE···--··-··"character.string"-·----------·>I 

SEMANTICS: ------·---

I I 
t••>TODAYS.OATE·--·-···>t 
I I 
l••>TODAYS.TIHE••••••••>I 

This instruction modifies program title information. 
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SUB.TITLE 

If "character.string" exceeds 72 characters. right•hand truncation 
will occur. 

S HEADINGS and either S LINES.PER.PAGE C#J or S PAGE.NUMBERS must be 
specified if subtitles are required on following pages. 

EXAMPLE: --------
SUB~TITLE TODAYS.DATE CAT "PROB.A• CAT TODAYS.TIME 



SUBTRACT SCRATCHPAO 

8 • 8Z 

I SUBTRACT SCRA ~CHI' A~ 
SYNTAXi -------
SUBTRACT•••••scratchpad.word•••••FROH FA•••••••••>I 

SEMANTICS: ----·---- .. 
This instruction subtracts the left half of any 
CSOA ••• S15A> from the Field Address <FA> register. 
placed in FAJ the contents of scratchpad.word remain 
also: ADO SCRATCHPAO.> 

EXAMPLE: --------
SUBTRACT S3A FROM FA 

scratchpad word 
The result is 

unchanged. CSee 
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TA OLE 

SYNTAX: ---·---
I I 

TABLE label·-····BEGIN-·--·-·"character.string"•••••••END•••··->t 
. .• :1 ' 
l•••hexestririg·~---·•>l 

SEMANTICS: 

----------
This·instruction creates in•tine character•strings. 

Only one string is allowed 
enclosed within quotation 
within a signs. 

per ti n·e .. 
marks; the 

The charcter.strf ng 
hex.string eust be 

must bo 
enclosed 

The BEGIN/END pair must surround all strings in the TABLE. The 
characters·are grouped two per address# i.e •• 16 bits. 

The label must be unique; fts use references the first 16 bits of the 
table. 

EXAMPLE: ----.----
TABLE REF 
BEGIN 

ENO 

•AB" 
~ABCa 

"D" 
"45" 

HOVE ADDRESS <REF> TO Y 

Code ·generated: 

ClC2 
C1C2 .. 
C3C4 
f4f5. 

.% The address~of the table <REF> will 
%.be loaded into the Y re~ister 
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SWAP ~] 
<Available on 01720 systems only> 

SYNTAX: -------
SWAP literal BITS•••••••••••••••••••••WITH••••••L•······~>I 

SEMANTICS: ----------

I I 
t ·--REVERSE-·>1 

I • I •••T••>t 
I I 
i •••X••>I 
I I 
I •••Y••>I 

This instruction swaps the specified nuaber of bits between main 
memory and the specified register. 

The FA Cfield Address> register must have been previously set to the 
proper main memory address. 

The literal has a decimal range from O to 24. If the value of the 
literal is zero, the contents of the CPL register are used. If the CPL 
register is also 0# the register is cleared to all zeros. If less than 
24 bit5 are swapped, the leading bi~s of the re9istar are zero. 

Normalty the contents of the FA register point to the first bit of the 
field to be swapped. If the REVERSE option f s used, the contents of FA 
point to the last bit • 1 of the main memory field · fnvotved. The 
specified register CL• T• X or Y> receives the contents of this field 
as tf it had been read in a forward direction. 

PROGRAMMING NOTE 

Incrementing or decrementing of the FA. or fl. regf sters is 
not allowed with the SWAP instruction. 



TITLE 

SYNTAX: -------
l<•••••••••••CAT•••••••••••••I. 
t I 

TITLE·---------•character.stringft--------------·->I 

SEMANTICS: 

----------

I I 
t•••TOOAYS.DATE••••••••>4 
t I 
l··-TODAYS.TIME·-••••••>I 

This instruction modifies program title information. 

8 - 85 

If •character.string" exceeds 12· characters. right•hand truncation 
will occur. 

S HEADINGS and either S LINES.PER.PAGE C#l or S PAGE.NUMBERS must be 
specified if titles are required on foltowin~ pages. 

EXAMPLE: 
---~----

TITLE TODAY.DATE CAT "PATCKES" 



TR AN SFER. CONTROL 

SYNTAX: -------
TRANSF£R.CONTROL•••••••••->I 

SEMANTICS: ----------
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TRANSFER.CONTR~ 

This instruction generates the BIND hard~are instruction. <See 
Appendix a: .. BINO> 
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WRITE 

SYNTAX: -------
WRITE••HSMl FROM X···--···-·-··-·····--~------~----·-···-··••••••••••>I 

t I 
l···-----·----·------···-----~------~·-·-FROM•••X•••••••••••••>I 

• f 
l•literal-~--·-·-BIT--·-->1 

·- i ~ • t•Cliteratl•>I J•BITS•>I 

I f 
1·-REYERSE•>I •• • 

1-Y~>I 
f. I 
l•T•>t 
I I 
l•L•>I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

l<-----------------------------------------~--------~---1 • ., 

I 
I 
I 

• I 
I 
I 
I 
t 
I 
I 
I 

l•••••INC••••fA••••••·------------·----·-------------···-~---->I 

• I . I I 
I l••FL·•-••••••••••>I I 
I I I • • l••fA ANO DEC flll!l•>t I 

' I ,. I 
I 1-•fl ANO OEC FA••>I I 
I I ·--oEc----FA---------------------.·--·---.-----~------------->I 
I 
I 
I 
I 

• • I 
I 
I 
I 
l 
I 

• I 
I 

I 
1-~rt·-·-·--·---·->t 

I 
l••FA 
I 
t••FL 
I 
l••FA 
I 
f••Fl 
I 
t-·FA 

• l••Fl 

.. 
ANO.fl···-··>t 

I 
ANO FA•••"••-> I 

I 
AND INC FL••>I 

I .. 

AND INC·FA••>I 
I . 

ANO. DEC FL-•>I 

•• AND DEC f'A-~>I 

I 

.. 
I 

1-·POINT FA TO airthmatic.expression·---~--------------·--·>f 



WRITE 
cont 

SEMANTICS: 
_________ .. 
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·----W-RI_T_E_·J _ cont 

An H•Memory WRITE <MSML TO X> instruction~~rites from the X register 
t he 16 b i ts i n 1'1- He at or t poi n t e d to by· t h e · c-o n t e n t s o f t h e l re g i s t er • 
The contents of L must be modulo 16. Tbis facility is not available on 
S•Hemory Processors. 

An S•Memory WRITE instruction writes from, O to 24 bits of information 
into S•Memory from one of the allowable source registers: x. Y• l• or 
L. 

The amount of data writt~n <field tengthl is determined by the 
literal/Cliteral> BITCSl option. If "this is equat to 0 or is empty. 
then the field tength is given by the contents. of C~l is right 
justified in the selected source registero If~ the.field length is zero 
then nothing is written. 

Normally· th& contents of the FA register point t-0 the first bit of the 
field to be written. If the REVERSE option is used# the contents of 
the FA r a g i st er poi n t .. to th e la s t b i t + 1· o f t he U et d to · be w r i t ten 
to memory. Memory contains tha rightmost contents of the source 
register as if it had been. written in a forward direction. 

·tNC/OEC adjusts FA/fl by the field length after-~the opera~ion but fn 
the same microinstruction. 

POINT FA adjusta FA by up to 1•4 + 
operation. <A warn·ing message wfll be 
greater than 72 + field length bits>. 
literall<ltteral> Blf(S) is specified 
atso: FA.POINTS and POINT.l 

field ·length bits .after the 
issued if the adjustment is 

This option can be used only if 
and is greater than o. <See 

The unparenthesized titeral has a decimal range from O to 24. 
<literal> has a decimal range from .o to 26: a value of 25 wilt cause 

·24 bits to be written with correct parity; a value of 26 wilt cause 24 
bits to be written with incorrect parity. 

EXAMPLE: 9' ____ .. __ _ 

WRITE HSHL FROM X 
WRITE Z4 BITS f~OM X 
WRITE FROM Y INC FA 
WRITE 2 BITS REVERSE FROM T DEC FA ANO DEC Fl 
WRITE REVERSE FROM L DEC fl 
WRITE 10 BITS FROM T POINT FA TO 25 



WRITE.STRING 
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[ WRITE. STR::-· 

SYNTAX: -------
WRITE.STRING-----string---------------~rffOH----x------------------>1 

I I I I I I 
t•REVERSE•>t l•Y•>I. I I 

I I I I 
·4-T·>~ 4 t 
I ·· I I I 
l•L•>I l I 

t I 
l<••••••••••••••••••••••••••••••••••••••••••••••••t I 
I I 
I I 
l•·--·INC••••fA••••••·------·---------------~-------·--·>I 

• I I 
l••fl•••••••••••••>I I 
I • I 
t••fA ANO DEC Fl••>I I 
I I I 
t••FL ANO DEC f A••>I I 

I 

--oEc----f A----------------------------------------->I I • I 
t··FL----------··•>I I 
I I I 

I l••FA AND Fl••··-·>I I 
t I I 
t••fl ANO FA••••••>t I 

• I I 
t••FA ANO INC F'l••>I • I I I 
l••fl AND INC f'A••>I I 

• I I 
t••f A AND OEC FL••>I I 
I I I 
1•-FL AND DEC f A•->I I 

I 
••POINT FA TO airthmetic.expression•••••••••••••••••>I 



KRITE.STRING 
cont 

SEMANTICS: ----------
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WRITE.STRING. 
cont 

This instruction generates the necessary in•line literals for a 
string~ with moves to the indicated register. It also generates the 
WRITE commands to write the string into main memory. begjnning at the 
address fn the fA register. 

The length of the string is limited to the remainder of the source 
card image. It may be any of the following data types. 

Start-Stop Length of 
Type Symbol Each Unit ---- --·------- ---------

Character .. 8 bits 

Hex ~ 4 bits 

Oct al ~Hl> 3 bits 

Quart al Gl(2) 2 bits 

Unary a<t> 1 bit 

EXAMPLE: --------
WRITE.STRING "APC" REVERSE FROM X 
~RITE.STRING POINT FA TO 64 

Example 

-------
•APC128..JKL• 

a124AOFta 

~(3)1235674 

a<2 >1 z3121a 

a< 1 >11001131a 
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XCli 

SYNTAX: 
--~----

XCH·--·doubte.scratchpa~.word.1----r----doubte.scratchpad.word.2---->1 

SEMANTICS: 
~------,..·--

This instruction moves the Field.Cf> register to double scratchpad 
word.2 <so ••• S15H double scratchpad wor.d.l <So ••• s1s> is then moved 
to the f register. The two words may be the same. 

EXAMPLE: ... -- ----
XCH so f so % equivalent to: HOVE f A TO SOA 

% HOVE FL TO SO fl 
% 
% and siaultaneo~sly: HOVE SOA TO FA 
% HOVE SOB TO FL 
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PROGRAMMING TECHNIQUES 
•••••--•••e -••••••••• 

VIRTUAL-LANGUAGE DEFINITIONS 

---------------- -----------
A set of virtual-instructions for the virtual machine must first be 
defined as each being a unique string of. bits. Thts definition may be 
chosen according to any relevant criteria. For example. COBOL verbs 
may be encoded according to their frequency of usage. the higher 
frequency verbs being encoded in three bits with one escape code that 
specifies the next eight bits as an extended code string. Another 
approach might be to accept directly the source language as in a 
tf me•sharing~ "line-at-a•time•" interactive mode. After the 
S•instructions and their operand f ietds have been defined. any 
standard location or technique should be satected. for exampleP the 
base values of S·instructions and S•data might be in S4A and SSA of 
the scratchpad; or alt routines are to be referenced with CALL and end 
with an EXIT instruction to facilitate subrouting. The •icroprogrammer 
is no~ ready to begin creating the microroutines needed to perform 
·oach·of the events in the S·language. 

ASSEMBLY CODING FORH ______ ...... _ --------
The compiler accepts 
microinstruction per 
following format: 

card 
card. 

images consisting 
The source program 

of one symbolic 
must reflect the 

Colu111n ------
1-5 

1-12 

6-72 

Usage -----
Reserved for label declarations which~ if used~ must 
begin somewhere withln this field. 

A percent sign <%> anywhere within this field 
indicates that everything to the righ~ fs a comment. 

Microinstructions mar appear anywhere within thi$ 
field. At least one blank must be used between vords 
except in those cases where a special character 
<e.g •• a parenthesis or relational operator> is 
required, in which case blanks are optional. 
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Both point labels and uniques labels are allowed, 
with a timit of 25 characters and no imbedded 
blanks. A blank is the separator between the label 
and the beginning of the microinstruction. 

73-80 Reserved for sequence numbers. 

Source code maintenance ~s well as other compiler 
specified by the use of either a $ (dollar sign) or & 
column 1. <See Appendix A: MIL Compiler Operation~> 

PROGRAM EXAMPLES ------- -~-----~ 

options mar 
<a1persand> 

be 
in 

Examples A# B and C first explain s-l~nguage statements; there is 
assumed to exist some basic driver routine which is in control at the 
beginning and end of each S•instruction. This control routine performs 
the Virtual Machine functions of maintaining an Instruction register 
and fetching· the next S•instruction. 

EXAMPLE A: ------- --
Assume the following: 

l. The 3 bits 010 imply an S-instruction of ·ADD 6 decimal 
digits, Indirect address·1- Indirect address•2 and store the 
answer in Indirect address-2. 

2. Indirect addresses are displacements from the beginning of a 
tableJ the actuat base value of the table ts the current 
setting of the Base Register <BR>. 

3. The lengths of the Indirect addresses are 9 bits. 

4~ All data is in 4-bit decimal forn and is 6 decimal digits <24 
bits> long. 

s. Overflow is to be ignored. 

The instruction might appear as follows: 

010 0000110010000101100 in main memory. 
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This bit string represents an S•instruction compiled from a source 
language statement such as the following: 

tAOO SUH TO ROLLTOTAL 

That portion of an interpreter which would perform the addition might 
appear as follows: 

NEXTSOP READ 3 BITS TO X INC FA 
MOVE X TO M 
JUMP FORWARD 
GO TO ROUTINE.FETCH 
GO JO ROUTINE.STORE 
GO-TO ROUTINE.ADD 

• 
• 
• 

ROUTINE.ADD 
HOVE BR TO SlA 
READ 9 BITS TO T INC FA 
READ 9 BITS TO l INC FA 
MO\f E l TO FA 
ADO SlA TO f'A 
READ 24 BITS TO X 
HOVE T TO FA 
ADO SlA TO fA 
READ 24 BITS TO Y 
HOVE ac1>00111oooa TO CP 

HOVE SUM TO T 
WRITE 24 BITS fROM T 
HOVE 24 TO CP 
GO TO NEXTSOP 

EX·AHPLE a: ------- --
If the source langua1e statement was 

MOVE INVERTING FIELD 1 TO FIELD 2 

The S•tanguage might be: 

% GET OP•COOE 
X PREPARE TO DECODE 
% GO TO DECODER 

% ADO ROUTINE 

% LABEL FIRST LINE 
% SET BASE FOR ADD 
% READ FIRST INDEX 
% READ SECOND INDEX 

.% LOAD INDEX 
% ADO ACTUAL BASE TO INDEX 
% GET DATA""2 
% LOAD INDEX 
X ADO ACTUAL BASE TO INDEX 
%·GET OATA•l 
% CLEARS CARRY 
X SETS CPU AND CPL CORRECTLY 
% GET SUM READY Ta WRITE 
% WRITE SUH 
% HUST RESTORE CP~ IN GENERAL 
% GO TO NEXT S•INSTRUCTION 
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-•••-••••••••••••••••••••••••••••~•••••••••••••-••••••••••m••••••••••• 

IOP•COOEt 
I BIT 1 
ISTRING I 

DATA TYPE 
OOOl=BINARY 
0100=4•BIT 

tAOORESS-1JLENGTH•llAOORESS•2 1LENGTH•2t 
ILEFT•MOSTI IN IRIGHT-HOSTt IN I 
I UNIT I BITS t UNIT I BITS I 

I t DECIMAL< BCO> 
1000=8-BIT 

OECIHALCEBCOIC> 

I ABSOUTE I I ADDRESS l I 
I I I ADDRESS I I IN BITS I I 
I 1 I IN BITS I I I I 

----------------------------------------------------------------------
NOTES: 

1. The size of each element in the S•language is 24 bits or 
t~ss. 

2. The left•most•address•1 points to the beginning of field-1 
and the data will be accessed with READ FORWARD commands. The 
right·most·address-2 points to the end of field•2 and the 
data will be accessed with READ REVERSE commands. 

Assume the following events have been performed in a manner similar to 
that used tn Example A: 

1. The Op-code has been properly decoded and the correct routine 
has been entered. 

2. The address and length of field l are 1n the r register. 

3. The address and length of f teld 2 are in scratch~ ad word so. 

The following code then performs the INVERTED· HOVE oe>eration and 
properly pads if the rece1v1ng field <field 2) is tonger than the 
sending field (field 1). 

INHOV 

TOP' 

PAD 

A. 

BIAS SY UNIT 
READ 4 BITS REVERSE TO l 
IF FL = 0 THEN GO TO PAD 
IF Sfl = 0 THEN GO TO ENOOP 
READ TO X INC FA AND DEC FL 
XCH SO f SO 
WRITE REVERSE FROM X DEC fA 

XCH SO f SO 
GO TO TOP 
LOAD f FROM SO 
MOVE 0 TO X 
If Lf(4) THEN 

MOVE a1+oa TO x 
WRITE fROff X DEC FA DEC fl. 
If FL NEQ 0 GO TO •A 
GO TO ENOOP 

% SET CPU AND CPL 
% GET TYPE INDICATOR 
% TEST LIMIT FIELDl 
% END OF FIEL02 STOP 
% GET A UNIT OF DATA 
% EXCHANGE SO AND F REG 

AND DEC·FL 
% PUT A UNtT OF DATA 
% EXCHANGE FOR GET 

% GET 'ADDRESS INTO F REG 
I SET ZERO fOR PAO 
% TEST FOR EBCDI~ 
% ADO PAO SPACES 
% WRITE A SPACE 
% TEST LIMIT 
% ENO Of OPERATION 
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The resultant data movement in meMory would be: 

Alpha Data String 

FIELOl FIELD2 

-------------- -------------Before • A 6 C D E S 1456781 

------------- -------------------------- •<!It•----------After I A B C D E I iEDCBAt 

-------------
_________ .... __ _ 

Bit Strings 

FIELDl FIEL02 ·------------. -------------Before ~ 1 1 o o o I 1111111 

------------- ·-------------
------------- -------------After I 1 1 0 0 0 I I 0001 lt 

----·-------- -------------
·Notice that the same microinstruction sequence will work in either 
case. 
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EXAMPLE C ------- -. 
Given: A list of data items. 

Problem: Sort the data items into ascending sequence in place. 
<Do a bubble sort.) 

Assume: 

1. The S•operator has the following general format: 

s-op Type Indicator 
left-most 
Address 
In Bits 

length 
Of L·i st 
In Bits 

·------------------------------------------------------------------I A I 4 = 4•bit decimal t A I A I 
I BIT STRING 1 8 = 8•b1t alpha <EBCDIC> I BIT STRING I BIT STRING I 
I I any other value· from 0 1 t I 
I I to 15 I t ·· I 

--------------------------------------------------·-~--------------
z. The S·op has been decoded <see Example A> and the necessary 

routine has been· entered. 

3. Scratchpad word SS contains the·most~significant <left-most> 
address in SSA and the TYPE ··and length in SSS. 

Then the following routine will perfrom the bubble sort: 

BS ORT 
CYCLE 

END OP 

EX I TR 

CLEAR l 
LOAD F FROM 55 
If FL = 0 THEN GO TO ENDOP 
BIAS tn UNIT 
COUNT FA UP AND FL DOWN BY 
If FL = 0 GO TO ENDOP 
READ REVERSE TO X 
READ TO Y 
IF X GEQ Y THEN GO TO •A 
WRITE REVERSE fROH Y 
WRITE FROM X 
HOVE ~F;d TO lF 
GO TO -A 
IF lf<O> TRUE GO TO EXITR 
CLEAR l 
GO TO CYCLE 
EXIT 

% CLEAR SWITCH 
% FETCH BEGINNING ADDRESS 
X DEGENERATE CASE TEST 
% SET CPL TO UNIT FOR RD/WT 

COP % PLACE BETWEEN ITEMS 
X LAST ITEM TEST 
% GET ITEM ON LEFT 
1 GET ITEH ON RIGHT 
% l EA VE AL 0 NE · 
% REPLACE RIGHT TO LEFT 
% REPLACE LEFT TO RIGHT 
% HARK NOT ALL SORTED SWITCH 
% GO GET NEXT 
X EXIT ROUTINE 
% RESET SWITCH 
% TRY WHOLE LAST.AGAIN 



M 

~L 8LOCK 
NAME 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
'J 
!) 

:ODE 

9900 
0300 
2884 
9600 
0500 
9700 
t·r!oo 

MEMORY 
ADDRESS 

[0000001 
(000000] 
{ 000100] 
(000108] 
C00010Cl 
COOOtOCJ 

:a [00000] 
a [000l0) 
~ t00020l 
~ roo~no 1 
~ coooi.01 
~ COOOiOl 
':it ( 0 0 OM' 

FRIOAY- OCTOBER ~1- 197G- 10:50 AH. 

:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%?%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%: 
:% EXAMPLE Of A MIL PROGRAM %: 
.:x THIS PROGRAM OEMONSTRAT(S SOME DESIRABLE CHARACTE~ISTICS OF A x: 
:% MIL PROGRAM. THE PROGRA~ -INTERPRETS" ONE BIT OP-CODE INSTRUCTIONS %: 
:% FROM A FIELD IN ME~DRY AND PERFORMS THE INDICATED OPERATION. SINCE %: 
:x THERE. ARE ONLY TWO VALUES Of A ONE BIT OP-conE# THERE ARE ONLY TWO %: 
:% INSTRUCT~ONS TO DECODE. <IN THIS CASE "ADD" ANO "ENO.Of.JOB" ARE %: 
: % THE ONL 'f I NS TP.UCT IONS.> % : 
:%%%%%%X%%%%%I%Z%%I%%%%X%%%%%%%%~%%1.%%%%%%%XZ%%%X%%%%%%%%%%%%%%%%%%%%%%%I: 

:% 
: % 
:x 

: 
: 

: 

: 

XI%%%%%%%%%%%%%%%%%%%%%%%Z%1:%%%X~%%%%%%%%X!%Xl%%%%%%%% 
%%%%%%%%%% GLOBAL DECLARcS %%%%%%%~%% 

%%%%%%%%%% %%%%%%%:%% 
Xl%%%I%%%%%%%%%%%%%%%%%X%%4%%%%%X%%%%%%%%%%%%%t%%%!I%%% 

DECLARE 
01 SYSTEM.INFORMATION BtTC1668>. 

02 OEV1C£.ST~TUS.TABLE BITC256>• 
02 AVAILABLE.SYSTEM.MEMORY B!TC8>• 
02 AVAILADLE.CONTROL.MEMORY BITC4>. 

: 

: 

SEQUENCt 

00000200 
00000300 
00000400 
00000500 
0000%00 
OOOOCTOO 
00000800 
00000900 
00001000 
00001100 
00001200 
00001300 
00001400 
00001500 
00001600 
00001700 
00001800 
00001900 
00002000 
00002100 
00002200 

: 02 OP!!ONS.TABL£ BITC48l• :·00002300 

: 

: 

03 SWITCHES 
0 3 ·f !LLER 

02 fILL£R 

BHC8),. 
BIT<40>• 
BITC1352H 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%%%%%%%:%% GLOBAL DEFINES %:%%%%%%%% 
%%%%%%%%%% %X%%%%%%%% 

: %%%%%%%X%:%%%%%%%%%I%%X%%i%%%%%%%%%%%%X%%%%%%I:%%%X%:%l 

: . . 
: 

DEFINE AD~Rl = SO# . 
DEFINE AOOR2 = Sl# 
DEFrNE AODR3 = S21 
DEFINE NEXT.INSTRUCTION.POINTER = S4A# 

: 

00002400 
00002500 
00002600 
00002700 
00002800 
0000290;) 
00003000 
0000.HOC 
00003200 
00003300 
OOOB400 
00005500 
00003600 
0000 HOO 
ooo•) s eoo 
0000 3 900. 
0000400:) 
00004100 
0000420:> 
00004300 

:%%%%%%%%%%%%%%%%%%%%% 
:BEGINNING.OF.PROGRAM% 
:%%%X%t%%%%%%XI%%%%XX% 
::t •. 00004400 

THIS PARr OF THE I~TERPRETER ARBITRARILY SETS THE STARTING ADDRESS or: 00004500 
THE NE~T INSTRUCTION ALONG WITH THE P?OGRAH BASE AND LIMIT REGI5T£RS.: 00004600 
<THIS INFORMATION WOULO NORMALLY BE fOUNO 9Y SOKE OTHER METHOD.) 00004700 

.... .... 
:% 
:z 
:x 
:% 

MOVE ~JOO~ TO NEXT-INsrqucrION.POINTER 

MOVE ;}500~ TO BR .. . .• HOVE ~18004 TO LR 

: % 

0000480l) 
00004900 
0~005000 

00005100 

: 00005200 

CvOO:>.iOO 

G 
G 

G 

G 

PATCH 
INFO 

ttj 
~ 
Pl .a 
i-' 
CD 

t:' 

> 
~ 
H 
t-1 

1-tJ 
ti 
0 

OQ 
1-1 
~ s 

\.0 
I 

...._.z 



0 
0 
0 
1 FETCH 
l FETCH 
1 fe:TCH 
1 f"ETCH 
1 f(TCH 
1 FETCH 
1 
1 
1 
l 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
z 
z 
2. 
1 
l 

FETCH 
n:rcH 
FETCH 
FETCH 

ADO 
ADO 
ADD 
ADO 
ADO 
ADO 
ADO 
AO'.'> 
ADU 
ADO 
ADD 
ADD 
ADO 
ADD 
ADD· 
ADO 
ADD 
ADO 
AD) 
ADO 
ADO 
ADO 
ADO 
ADO 

1 ADO 
1 AOD 
0 
0 
0 
0 

ENO. OF'. JOB 

ec1e ; 
28A4 a 
7101 d 
2884 ~ 
10AS ~ 

cooo a 
c 001 ~ 

COl5 ~ 

(000701 
(00080] 
[000901 
tOOOAOl 
(00090] 
( oooco] 
[00000] 
tOOOEOl 

3182 2 (OOOFOl 
8S90 41 tOOlOOl 
(013 ~ COOU.Ol 
0050 2 ( 00120 l 

EOlf" 
11AO 
0701 
EOlC 
0712 
0033 
0013 
10E2 
0064 
50A8 
C003 

~ C.00130l 
• [00140] 
~ t:OOlSOl 
a rootGOl 
~ (00170] 
~ (00180] 
~ {001901 
;) '[vOlAOl 
~ '.(00180] 
a COOlCOl 
~ (001001 

JOOF ~COOlEOl 
1002 ~.)oolf"ol 
1 oo.r. ;h r.002001 

1rA0 ~ ~t 0 0 21 0 1 
1)720 ~· (002201 
0011 ~ [ 00230] 

0 
1 
1 
1 
0 

£NO.Qr.JJ3 0001 a COOZ40J 
ENO.Of .JOB 

0 
0 ( 

0 
0 
0 
~ 

:FETCHl 
i ::x:tt% 
: % 

: 
: 

: 
: 
: 

: 

:nu 
:A00% 
:nu 
: : 

BINAHT; Ht.AO:> lN.'' ~:..i UI"' t.uuc. ... Al"IV rt..rUUi'll"l~ ,, . 

CALCULATED i3RANC' j THE !NOICATEO EXECUTION ROUTINE·" 

BEGIN FETCH 
HOVE 24 TO .CP 
MOVE NEXT.INSTRUCTION.POINTER TO FA 
READ 1 BIT TO X INC rA 
MOVE fA TO NEXT.INSTRUCTION.POINTER 
MOVE X TO M 
JUHP f ORilARO 

GO TO ADO 
GO ro ENO.OF.JOB 

END fETCH 

%GET. OP COOE. 

%OP 
IOP 

o. 
1. 

THIS EXECUTION ROUTINE PERFORMS AN ABSOLUTE~ 3 ADDRESS~ 
BINARY OR DECIMAL ADO. OVERLAPPING FIELDS ARE PERMITTED. 
LEFT TRUNCATION OR LEFT ZERO FILL WILL OCCUR IN THE 
R£SULT fIELO IF IT IS RES?ECT1V~LY LONG[R CR SHORTER 
THAN IS REQUIRED TO CO~TAIN THE RESULTANT SUM. ALL ~ 
FIELDS MUST BE Of THE SA~E TYPE<BINA~Y~ 4-BIT DECIMAL 
OR d-8IT DECIMAL> Orl TH£ RESULT IS NOT DEFINED. 

BEGIN ADD 

• VVVV.IJVV 

00005600 
00005700 
0000.5800 
00005900 
00006000 

: 00006100 
: 00006200 

00006300 
000%400 
00005500 
00006600 
00006700 

: 000~6800 
00006900 

: 00007001) 
00007100 
00007200 

: 00007300 
00007400 
ooo'JlSOO 
00007500 

: C0007700 
MOVE 2 TO fT 
MOVE 144 ro FA 

%INDICATES A 3 ADDRESS ~NSTRUCTION: 00007800 
00007?00 : 

: 
: 
:.LOOP 

: 
: 

: 

. . 
: 
: 

. . 
: . 

: 

CALL LOAD.ADDRESSES 
LOAD f FROM AOORl 

CALL GET. OA TA 
MOVE y ro x 
XCH ADOR2 f ADORl 
CALL GET.DATA 
XCH AODP.3 F AOORZ 
B:AS SY f TEST 

GO TO FETCH 
HOVE SUM TO T 
CARRY SU!-! 
If ru EoL e THEN 

BEGIN 

END 

MOVE 4lF~ TO TA 
MOVE TA TO TC 
KOVE TA TO TE. 

XL£NGTH Or 3 ADDRESSES 

%GET ADDEND. 

%GET AUGENO. 

%ENO or RESULf FIElO AND INSTRUCTION. 

%SUP~LY EBCDIC NUMERIC ZORES Ir a-BIT 

WRITE REVERSE FROM T DEC f A ANO Fl 
XCH AOORl F AOOR3 

%WRITE SUM. 

GO TO -LOOP 
ENO ADD 

:% 
: %%%%%%%%%%% 
:ENO.OF'.JGBX 
: %%%%:%%%%%% 
: % 

BEGIN END.OF.JOS 
HALT 

ENO ENO.OF.JOB 
:x 
: %%XXUU%'.t%%%U 
:LOAO.AOORESSESX 

·:%%%I%%%lX%lt%%X 
: I 
:x 
: :t 

THIS GENERAL ROUTINE LOADS 1~ 2 OR 3 AOORf~SES TO 
SCRATCHPAO ANO UPDATES THE NEXT.INSTRUCTION.POINTER. 
ALL AOORESSES ARE IN THE FOLLOWI~G FORMAT; 

A> A 24 BITr BASE RELATIVEr S-MEMORY AOD~ESS 

WHICH ls CONVERTED rO AN AUSOULUTE ADD~~SS 
rurnTING AT rm: E~U Cf .~FIELD 1. 

• 00008000 
00005100 
00008200 
00008500 

: 00008400 
00006500 
OOC08600 

: ooooerov 
00008800. 

: 00008900 
0001)9000 
00009100 
00009200' 

• I 
00009300 

: 00009400 
0000950'.) 
OOOC9600 

: 0000970() 
0000980(} 
00009900 
00010000 
0001010() 
00010200 
D0010300 
00010400 

: 00010500 
00010600 
OOOlOTOO 
00010300 
00010900 
0001101)0 
0 1JO 11100 
00011200 
00011:rno 
00011400 
OCOllSOJ 
00011&00 

I 

~ 



() 

0 
0 
0 
0 
0 
() 

0 
0 
l LOAO.~ODRE 
1 LOAO.AOO.RE 
1 LOAD.ADORE 
1 ~OAO.AOG~E: 
1 LOAD.ADORE 
1 LOAD.ADDR£. 
1 LOAD.ADD~£ 
1 LOAD.ADORE 
1 LOAO .. ADD~E 
1 LOAD.ADORE 
1 LOAO.AOD~E 
1 LOAD.ADD:<£ 
1 LOAD.ADD~( 
1 LOAO.ADDR£ 
1 LOAO .. AOORE 
1 LOA'.l.ADORE 
t LOAD.AUDRE 
0 
0 
0 
0 
0 
1 GET.DATA 
1 GET .. DATA 
1 GET.DATA 
1 GET.DAU 
1 GET.DATA 
0 
0 

·o 
0 
0 

oso4 a cooz501 
2884 ; (002601 

1 & A 1 ~ t 0 0 i7 0 l 
7588 ; c 00280 l 
7538 ~ (002901 
lOEO ~ C002AOl 
a c 3 o ;i coo 2a o 1 
1165 - £ 002CO l 
2 OC O ~ ( O 0 2D 0 l 
llt>S ~ C002EOl · 
2290 ~ ( 002FO l 
3lf1 d (00300) 
0 0 0 B .d ( O 0 310 l 
1BA4 - (003201 

0032 ~ [00330) 
716-0 2 (003401 
1BA4 a £003501 

ooor i coo360J 
0000 a coo3101 
0000 ~ {003801 
cooo ~ (00390] 

NO ERRORS DETECT£0 

MICRO I~STRUCTION COUNT = OOQ58 

• '¥ 
• /la • 

:x 
:% 
:% 
:x 

. : % 
:x 

: ·L 00? 

: 

: 
: 

: 
: 

: 
: 
: 
:% 
: %%%%%%%%% 
: G E.T. 0 AT A% 
: %%%%%%%%% 
:x 

: 

8) A 4 BIT T
0

YPE FIELD( 0001 FOR BIMARYP 0100 
FOR 4•BIT OECiMAL ANO 1000 FOR 8•SIT 
DECIMAL); 

C> 4 UNUSED BITS 

O> A 16 BIT FIELD LENGTH tNDICATING THE NUH9ER 
OF BITS CONTAINED IN EACH FIELD. 

: 00011700 
: 000t1600. 

000.11900 
: 00012000 
: 0001210:> 

00012200 
00012300 
00012400 
CO'.H2500 

BEGIN lOAD.AOORESSES 
ADO NEXT.INSTRUCTION.POINTER ~O FA 
MOVE FA TO NEXT.INSTRUCTION.POINTER 

00012600 
%---> ENO Of AOORESSES: 00012700 

00012800 
00012900 

MOVE BR TD Y 
READ 24 BITS REVERSE TO T DEC FA 
READ 24 BITS REVERSE TO X DEC FA 
MOVE SUM tO X 
EXTRACT 15 SITS FROM TC8l TO Y 
MOVE FT TO ti 
HOVE SUH TO SOA 
MOVE fT TO M 

%GET TYPE ANO LENGTH. 
%GET ADDRESS. 
%ADDRESS BASE. 
%GET LENGTH 
%SELECT A SCRATCHPAO 
%ADDRESS LENGTH 

HOVE T TO soa 
DEC fT BY 1 TEST 

%TYPE AND LENGTH. 

ENO 

GO TO -LOOP 
EXIT 

LOAO.ADDRESS~S 

THIS GENERAL ROUTINE Wtlt READ fROM ZERO TO 24 BITS INTO 
THE'H•MACHINE~ SET CPU TO THE ENCODED OATA TYPE ANO SET 
CPL TO THE NUMBER Or BITS READ. 

BEGIN GET.DATA 
BIAS BY F 
REAO REVr::RSE 
EXIT 

ro y OE~ rA ANO FL 

: 00013000 
00013100 
00013200 
00013300 
00013400 
00013500 

: 00013600 
00013700 
00013800 

: 00013900 
00014000 
0001410J 
00014200 
00014300. 

: 00014400 
00014500 

: 00014600 
:. 00014700 
: 00014800 

: 
ENO GET.DATA 

.FINI 

000149CO 
: 00015000 
: 00015100 

00015200 
00015300 

: 

: 

CAUTION: $ SUBSET WAS 1NOT SPECIFIED' THEREFORE• THIS 
~~05RAM SHOUL~ NOT BE USED ON A B1712/B17!4. 

G 
G 
G 
G 

\0. 
I 

l.O 
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APPENDIX AZ HIL COMPILER OPERATION -------- -- --· -------- ---------

CONTROL CARDS ------- -----
The purpose of the compiler control card is to allow the program•er to 
specify options to the compiler I/O files. 

Every HIL control card has either a s <dotlar sign> fn column 1 and is 
called a "dollar cardw~ or has an & <ampersand> in cotum~ 1 and fs 
called an "ampersand cardn. Columns 73-80 may be used as a sequence 
field. 
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DOLLAR CARD SYNTAX: ------ ---- -------
l<·-~-----~--~~----~~~-~--~-------------~---~~-~~--------1 
I I 

s•••••••••••••••••••any.doltar.option.not.in.this.dfagras••••••••••>I 
I 

• I 
I 

• • I· 
I 
t 
I 
I 
I 

• I 
f 
1 
I 
I 
I 
I 

• I 
~ 

' 

I I 
•---No-->a 

I 
I 
I 

•••OEBUG-----------·-·•••••••• 0 •••••••••••••••••••••>1 
I I 
l··-literal·->I 

I 
I 

• •••HAROWARE.TYPE···--·s----------------------------·>I 
l··-H·~>t I 
l•••U••>I I 

I 
---LINES.PER.PAGE lfteral--------------------------->I 

t I 
S•••HERGE••••••••••••••••••••••••••••••••••••••••••••>I 
I I 
l•••NOPS••••••••••••••••••••••••0 ~---·-·•••••••••••••>1 

I 
l•••PAGE•••••••••••••••••-••••••••••••••••••••••···-·> 
I 
1-·-PASS.END----------------·---·------------------··> 
I 

l•••PROTECT-------------·-------------------------·-·> 
-·-----SET··---·-conditionat.inctusion.identifier•••> 

I t 
l•••RESET••>I 

··-NO SEQ•••••••-•••••••••••••••••••••••••••••••••••>I 
I 

•••SEQ····-·-·······-···------·········~--------·-··>I 
I I t 
a-- + increment•••••••>J I 
I • I ·-- base----~--------->I I 
I • I 

1 ·-- base + increment··>I I 
I I 
l•••TAPE••••••••••••··--·-·-·--··••••••••••••••••••••>I 

I 

• I 
I 

' 

I 

•---vo10-----------------------------------------------·-··-·>t • • ~-->terminating.sequence.field•••>t 
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a DOLLAR CARO SEMANTICS: ------ ---- ----------
ALLCOOE 

AMPERSAND 

ANALYZE.CODEFILE 

8710 

CHECK 

COHP I LE 

CONTROL 

OE BUG 

DECK 

DOLLAR 

DOUBLE 

ERROR FILE 

EXPAND 

EXTERNAL 

FORCE 

FRAME 

HARDWARE.TYPE 

lists alt code generated by each ~IL statement 
<default on> 

lists alt ampersand cards (default on> 

prints an analysis of the code file at end of 
source listing 

generates code for 81710 <S•Hemory) 
Processors; same as $SUBSET- $HARDWARE TYPE=S 

checks for sequence errors <default on> 

when reset a fast source listing will be 
produced with no code generation or syntax 
checking <default on> 

prints alt dollar cards on listing; same as 
SOOLLAR 

for compiler debugging use 

punches an object deck 

prints all dollars cards on ltsting 

double spaces listing when printing 

lists errors and warning separately 

prints att statements <including comments> tn 
a macro invocation 

generates external segment branching code 

generates a code file regardless of syntax 
errors 

ltsts all If, BEGIN ••• ENO statements which 
conditionally exclude code <default on> 

spec1fies which hardware processor type will 
be used: S (S•Memory); H CM•Hemory>; U 
"<Universal>. Example: SHAROWARE.TYPE = U 
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HEADINGS 

LINES.PER.PAGE 

LIST 

LIST All 

LIST.NOW 

LIST.PATCHES 

LISTP 

HER GE 

NEW 

NO 

NOPS 

OLD.LISTING.FORMAT 

PAGE 

PAGE.NUMBERS 

PARAMETER.BLOCK 

PASS.END 

PROTECT 

A - 4 
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prints alt title and subtitle headings at the 
beginning of each page 

prints maximum number of tines per page of 
listing if PAGE.NUMBERS is unspecified 

lists alt source records excluding 
record <default on> 

macro 

lists all unconditionally excluded records to 
be printed 

lists sourc~ records when readJ same ~s SLISTP 

lists alt patches when read ;used with SHERGE 
<default on> 

same as S LIST.NOW 

merges a secondary source file <•CARDSft> with 
the primary sourc& file <"SOURCE"> replacing 
primary source records by secondary records 
with the same seque~ce numbers 

creates·a new source file <•NEWSOURCE"> 

resets any specified dollar option if allowed 

generates a NOP for ext~rnal linking code 

uses listing for pre-5.1 version of 
compiler · 

skips to a new page before printfng 

the 

puts page number on ~ach new page of listing 

punches a parameter block with the object deck 
if used with SDEcK; otherwise only code is 
punched 

disptays compiler pass inforaation on Console 

protects SKIP when specified 
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RESET 

SEQ 

SET 

SINGLE 

SUBSET 

SUPPRESS 

TAPE 

VOID. 

XREF 

XREF.All 

XREF.LABELS 

XR EF. NAMES 

XREF.REG!STERS 

NOTES AND.RESTRICTIONS: 

A • 5 
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resets any specified condftfonal fncluston 
option 

resequences source records 

sets any 
options 

specified condt ion al inctusion 

prints single•space listings <default on> 

generates code for 81710 CS•Hemorr> 
ProcessorsJ same as $B710P SHARDWARE.TYPE=S 

suppresses printing of warning messages 

specifies that the source file is on tape 

deletes a specified range of source records. 
The. specified range must be exactly 8 
characters; the first character 1ust not be 
blank or % 

sets XREF.LABELS and XREF.NAHES 

sets XREf.LABELS, XREF.NAHES and 
XREF.REGISTERS 

cross-references all labels 

cross•ref erences all names 

cross•ref erences all registers 

A. Unless other~ise specified <through the MERGE option>- the 
only source of input fs the card reader. - Once s +tERGE has 
been specifjed. it is not possible to again indicate •cARDS 
ONLY'"• 

e. If no dollar cards are used the default .options are: ALLCODE• 
AHPERSANO• CHECK~ COHPILE~ FRAME- LIST and SINGLE. All input 
will be· from cards. 

c. Options are turned off only through the appearance of NO 
followed by the option word. Note that NO and the optton word 
are separated by at least one blank. 
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o. Comments may appear on dollar cards by preceedin~ the comment 
with a % <percent sign>. 

E. Dollar cards are·not included as part of a "NEWiOURCE" file 
when $ NEW is specif iad. 

f. In the case of redundant s cards~ the last card in the 
equivalence is perferred. 

S HARDWARE TYPE = $ SUBSET = $6710 
g CONTROL = $ DOLLAR 
$ LISTP = S LIST.NOW 

AMPERSAND CARD SYNTAX: 
----~-~-- --~~ ----~~-

&--·-·•LIBRARY-·•••multi.file.id•••••••••••••••••••••••••••••••••••>I 

• l•••milti.file.id/file.id··-------·->J 
I I 
l•••pack.id/multi.file.id/••••••••••>I 
I I 
l•••pact.id/miltiefile.id/file.id•••>t 

---DEFAULT-----SET--------condition.inclusion.identf fier••> 
I I 
t ··-RESE T••>t 

•••$ dollar.option·--------------------------------··•••••> 

AMPERSAND CARD SEMANTICS: 

--------- ---- ----------
LIBRARY 

DEFAULT 

Causes the specified file to be opened and compiled. 
Compilation proceeds to the end of the library file with no 
contribution from any standard primary or secondary input 
file. At end of file. compilation is resumeg from the 
standard input files. 

Specifies default settings for one or more 
inclusion toggles. The default setting for a 
toggle will take effect only if no previous s 
specified a setting for1 that toggte. 

EXAMPLE: & DEFAULT SET TOG.A RESET TOG.a ••• 

conditional 
particular 

or & card 
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s Any valid dollar statement may be used. 

NOTES AND RESTRICTIONS: 

A. A library file ts· assumed to be a disk file with 4 
records/block. 

e. The last record in a library file that is to be.compiled must 
be FINI:- This record cannot be omitted. 

c. All & records are included as part of a "NEWSOURCE" file when 
S NEW is specified. 

·o. &£ records are listed .only wh•n·both $ OOL(AR and s AHPERSAND 
are specified. 

E. LIBRARY~ DEFAULT and s statements may not be intermixed on a 
single & card. 

EXECUTION DECKS 
--------- -----

STANDARD EXECUTION DECKS -------- --------- -----
Following are examples of some execution decks that may be used to 
compile ~IL programs on a 81700. 

If the source code is on cards only, the following deck may be used: 

? COMPILE object.name Hll LIBRARY 
? DATA CARDS 

• 
• 

<HIL Source Cards> 
• 
• 

1 END 

If the sourc~ code is on dfsk, the following dect may be used: 

? COMPILE object.name HIL LIBRARY 
?.FILE SOURCE NAME source.name; 
? DATA CARDS 
£ MERGE 

• 
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<Patch Cards If Any> 

• 
• 

? END 
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If ft is desired to make a new source file on disk as the result of a 
compilation, one of the following decks may be used: 

or 

? COMPILE object.name Hil l I er~ ARY 
? f llE NEWSOURCE NAME newosource.name; 
? DATA CARDS 
$ NEW 

• 
• 

<MIL Source Ca·rds > 
• 
• 

? ENO 

if the source file is already on dist 

? COMPILE ·object.name HIL LIBRARY 
? FILE SOURCE NAME source.name; 

then: 

? FILE NEWSOURCE NAME new.source.name; 
? DATA CARDS 
$·MERGE NEW 

• 
• 

<Patch Cards If Any> 
• 
• 

? ENO 

Each of the names object.name. source.name# and new.source.name may 
take one of the following formats: 

multi.file.id 
multi.file.td/file.id 
pack.id/multi.file.id/ 
pack.id/multi.file.id/file.id. 

where 

multi.file.id= identifier 
file.id = identifier 
pack.id= identifier 
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.EXAMPLES: 

? COMPILE MINNI MIL LIBRARY 
? FILE SOURCE NAHE MOUSE/SOURCE; . 
? FILE NEHSOURCE NAME MICKEY/HOUSE/SOURCE; 

? COMPILE MICKEY/HINN·I/OBJECT MIL SYNTAX 
1 FILE SOURCE NAME HICKEY/HOUSE/; 
? FILE NEWSOURCE NAME TRASH; 

INTERNAL FILE NAMES -------- ---- -----
Some of the compiler•s internal ff te names and their uses are listed 
below. This information is provided for use with ? FILE statements. 

CARDS 

LINE 

P·UNCH 

SOURCE 

NEWSOURCE 

LIBSOURCE 

LINES AVE 

CODE.FILE 

PARAH.FILE 

HILXREF 

Input file containing control .. and source records. 
Default device = Card Reader 

Output file for the listing. Defa~lt device = 
Printer or Backup 

Output file for ihe object deckJ used when s DECK 
ts specified. Default device = Punch or Backup 

Secondary input file for source records when S 
MERGE is specified. Default device = Disk. 
USE.INPUT.BLOCKING 

Output file for new source records when s NEW is 
specified. Default device= Disk, 4·records/block 

Input file for source records when & LIBRARY is 
encountered. Default device = Disk• 
USE.INPUT.BLOCKING 

A temporary work file containing a. copy of the 
listing. 

A temporary work file containing a copy of the 
object code. 

A temporary work file containing parameters 
affecting the obfect code.and the listing. 

Output file containing cross referencing 
information to be passed to HIL/XREFER. 
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NOTES: 

A. The question mark <?> or an invalid character on 80 column 
cards. the ampersand <&>, and the dollar sign <S> must appear 
fn column 1 of the card. 

a. The word LIBRARY or SYNTAX must appear after the word MIL on 
the compile card. 

1. LIBRARY means the object MIL file wilt be saved 
on disk at the completion of a compile with no 
syntax errors. 

2. SYNTAX means the object file will not be saved 
on disk. 

c. The ? FILE card<s> must appear immediately after the ? 
COMPILE card. Each element in the file statement must be 
separated by a space and the statement must De terminated 
with a semicolon. 

o. If the "SOURCE" or •NEWSOURCE" file is on magnetic tape then 
the word TAPE should appear on the file card. Example: 

? FILE SOURCE NAME EBCSOR TAPEi 
or 

? FILE SOURCE TAPE; 

E. If disk cartridge is used and there is not enough room on the 
system cartridge for backup files etc.~ then some of the 
compiler's temporary files may be label eQuated to the users 
pact using the file card. Example: 

? FILE LINESAVE NAME HYPACK/LINESAVE/; 

f. Cards with a s in-column 1 are not transferred to the new 
·source file when S NEW is specified. 

G. The Hll command FINI must be the last physical record in any 
source file. The word FINI must appear in column 6 or greater 
on this record. 
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APPENDIX a: HARDWARE INSTRUCTION FORMATS AND T~BLES -------- ·-- -------- ---·------- ------- --- ------
NOTE: This Appendix wilt follow the hardware bft numbering 

convention: bits are numbered right to left~ O through 
23. As noted earlier, this is at variance with the 
software convention- where the most•signf ficant 
Cleft-most> bit in any.register was identified in the 
MIL syntax as bit 0 <zero>P the next ~ost si~nificant 
as bit 1. etc. 

81700 HARDWARE TABLES ----- ·~~----- ---~~-

Table B•l: Register Addressing 

'SELECT <Column> NUMBER 

0 1 2 3 

--------------------------------------------------0 I TA ru x SU~ 
1 I TB FT y CHFtX 
2 I f C f LC T CMf»Y 
3 • TO fLD L XANY 
4 I TE fLE A XEOY 
5 I Tf flf H HSKX 
6 I CA BICN BR HSKY 

GROUP 1 I CB flCN LR XORY 
<Row> 8 I LA *TOPH FA Dlf"f 
NUHBER 9 1. LB RESERVED FB HAXS 

10 I LC RESERVED Fl· •HAXM 
11 ' LO •PERR TAS u 
12 • LE XYCN CP •HBR 
13 • Lf XYST •MSM DATA 
14 J cc •INCN READ CHNO 
l '5 I co RESERVED WRIT NULL 

----------------------------------------------~---

• Available on 81720 systems only 
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Table B•2: Condition Registers 

Software Bits 

0 1 2 3 

-~-~--------~---~-~------------~----~-------~------------------BI CN 1 LSUY· I CYf' I CYO I ·c\'L 
1~----~---~--~-t~-~----------~1----------------1---~~--~------

XYCN I HSBX I X=Y I X<Y I X>Y 
l••-•-•••-•••••1-•••••••••••••f••••••m•-•••••••I••-••-•••••••• 

XYST J LSUX I INT I Y NEQ 0 I X NEQ 0 
t••••••••••••••J••••••••••••••l••••••••- 9 ••••••f •••••••••••••• 

FLCN J fl=SFl I fL>SFL I fl<Slf f Fl NEQ 0 

--------------1-----------·--1----------------1--------------*INCN PORT DEVICE I PO~T HIGH I PORT INTERRUPT I ~ORT LOCKOUT 
HISSING I .PRIORITY I I 

--------------·--------------·----------------·--------------cc STATE I TIMER I 1/0 I CONSOLE 
LIGHT I INTERRUPT I INTERRUPT I INTERRUPT 
---~-~--~-----1~-~-----------1----~----~------1---------~----

co MEMORY t HE MORY * I MEMORY * I ~EMORY * READ DATA I WRITE/SWAP I READ ADOR I WRITE/SWAP 
PARITY ERROR • AODR OUT or • OUT Of BOUNDS • ACOR OUT 
INTERRUPT • BOUNDS OVER• I INTERRUPT J OF SOUNDS 

I RIOE a I INTERRUPT 

---------------------------------------------------------------z 1 0 

Hardware Bits 

* Available on B17ZO systems only 

NOTES: 

1. BICN. fLCN• XYST• ·and XYCN are addressable as source 
registers only. 

2. The TOPH- HBR1 and A registers are used to determine the 
memory <control or main> and location of the next 
microinstruction. 

3. HSHA is control memory and may be addressed only from the 
maintenance Console during tape mode. 

4. CPU is a destination register only. 
5. NULL always contains a value of o. Any register or scratchpad 

word to which it is moved wjll be cleared to o. 
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_MA~t-.11TIJ.Of. -~--- ~~ CODE.: X y T JL 
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I A.DOR[.$$ AOO~t.~$ ' . . ,... 

SCRATCH PAO 
RE.LATE. FA 

0 0 0 0 0 0 0 /' ... ···:,,/10:.P'L[.FTHALl'"PAO D5P51GN: .+ - I ., 
~::_ __ L~___iL_~-~-~~~o ADORE.~!> . __ . L : 

O O O 0 I O O I LIT~RAL OCCU~RCNCI!:. IOE.NTIF'lt.R -T n I I f'f 
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Table B·~: Variant Field Definitions 

-------------~----------------------------------------------------------IFOUR•BIT MANIPULATE 1 SKIP WHEN C6nnn> SKIP I READ/WRITE MEMORY 
I <3nnn> VARIANTS I TEST VARIANTS I <Tnnn> VARIANTS 
1 I I 
1BITS 4•6 CONDITIONSIBITS 4-6 CONDITIONS IBITS 6•7 CONDITIONS 

I 

• • 
' I 
I 
I 
I 

000 
001 
010 
011 
100 
t 01 
110 
111 

SET 
AND 

OR 
EOR 
I NC 

INC/TEST 
DEC 

DEC/TEST 

t 000 
I 001 
I 010 
I 011 
I 100 
t 101 
I 110 
• 111 

-------~--- .. ANY.SKIP 
ALL.SKIP 
EQU.SKIP 

All CLR. SK IP 
NOT ANY.SKIP 
NOT ALL.StUP 
NOT EQU.SKIP 

NOT All.CLR.SKIP 

--------------------·------------------------EXTRACT FROM T REG. I SWAP MEMORY 
<8nnn> VARIANTS I <02nn> VARIANTS 

I 
BITS 5•6 CONDITIONSIBITS 6•7 CONDITIONS 

-------- ----------·--------00 
01 
10 
11 

X REG. I 00 
Y REG. I 01 
T REG. I 10 
l REG. I 11 

_,. _______ _ 

X REG. 
Y REG. 
T REG. 
L REG. 

, .. 91 _____ _ 

I 00 
I 01 

10 
11 

----------X REG. 
Y REG. 
T REG. 
l REG. 

BITS 8•10 CONDITIONS 

-----~--- -------~--000 
001 
010 
011. 
100 
101 
110 

t 111 

NOP 
I FA UP 
Fl UP 

FA UP Fl ON 
f A ON fl UP 

FA ON 
fl ON 

FA ON FL DN 

·------------------------I CASSETTE CONTROL 
I (002n) VARIANTS 

---~-·---~----------1··----~---~-------~--~~-1 I 
COUNT FA ANO FL ! I DISPATCH (00ln> IBITS 3•1 CONDITIONS I 

t06nn> VARIANTS I VARIANTS 1-------- -·-------· I 
I I 000 START TAPE I 

BITS 5•7 CONDITIONSIBITS 1•3 CONDITIONS I 001 STOP ON GAP I 
-------- ·---------1-------- ••••-••••• I 010 STOP ON X NEQ Y C 

000 NOP I 000 DISPATCH LOCK 1011•111 RESERVED I 
001 FA UP I 001 DISPATCH WRITE 1----------------------- t 
010 FL UP I 010 DISPATCH READ I BIAS I 
011 FA UP Fl ON I 011 DISPATCH RD & CLRI C003n) VARIANTS I 
100 FA ON FL UP 1 100 RESERVED I t 
101· FA ON I 101 RESERVED IBITS 3•1 CONDITIONS 1 
110 fl ON I 110 RESERVED t-~------ ---------- I 
111 FA ON FL ON I 111 RESERVED I 000 FU I 

I .I 001 24 OR fl I 
I I 010 24 OR Sfl I 
I I 011 24 OR Fl OR SFL I 
I I 100 NOP I 
I I ·101 24 UR CPL OR FL I 

f I t 110 NOP G 
I I I 111 24 OR CPL OR FL I 
I I I 0 ~ Sf'L a 
---~--~----------~--~-----~-----~-~~----~-~---~---~---------~----~-----~ 
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81700 HARDWARE INSTRUCTION FORMATS ----- -------- ----------- -------
BI AS ----
-------------------------------------------------------I OP 
I CODE 

I BI~S I TEST CPL NEQ 0 FLAG I 
I· VARIANTS CV> I 0 • NO TEST I 
a o ••• 7 t 1 • TEST CPL RESULT I I 0000 0000 0011 

-------------------------------------------------------15 4 3 1 0 

This instruction sets CPU to the value 1 ·if the value of fU is 4 or 8 
and to O otherwise, unless V = 2. If V = 2, the value of the CPU is 
determined by SFU in .lieu of fU. SFU is the first 4 bf ts of the 
scratchpad word SOB. <On the B1710~ FU = 8 .wi.ll set CPU = O.> 

The value of CPL is also set to the smallest of the values denoted tn 
the following table. 

·. V VALUES ------
0 FU 
1 24 or fl 
2 24 or Sfl 
3 24 or fl or Sfl 
4 CPL 
5 24 AND CPL ANO Fl 
6 CPL 
7 CPL <not defined on the 81710> 

If the test flag equals 1 and the finat value of CPL is not o. the 
next microinstruction is skipped. 
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BIND ----
<Available on 81720 systems only> 

-----------------------I OP CODE 1 
I 0000 0000 0000 0100 I 

12 0 

This instruction moves the 24•bft value from the l register to the HBR 
regtster; moves the least significant 4 bits from the T register to 
the TOPM register; and moves the most significant 20 bits from the T 
register to the A register. truncating tho left most 6 bf ts of the 
source. 

BIT TEST BRANCH FALSE 
--~ ---- ~----- ~----

••••••••••••••••a•••-•••••••••••••••••••••••••••••••••••••••••••••••••• 
I OP I REGISTER 2 REGISTER I REGISTER I DISPLACEMENT I DISPLACEMENT I 
I CODE i GROUP # I SELECT • I SIT ' I S1GN • VALUE I 
I 0100. I o ••• 1s • 0 ••• 1 ' 0 ••• 3 I 0 - POSITIVE I B ••• 15 I 
I· I ' I • l - NEGATIVE ' ' ----------·------------------------------·-----------------------------15 12 11 8 7 6 5 3 0 

This instruction tests the designated bit within the specified 
register and branches <relative to the next instruction> by the amount 
and direction of the signed displacement value if the bit is o. If the 
bit is 1, a displacement value of 0 is assumed~ and control passes to 
·the next ~n-tine H•instruction. A displacement value indicates the 
number of 16-bit words from the next in-line instruction. A negative 
sign indicates lower addresses in control memory <backword 
displacement>. The maximum displacement is 15 microinstructions. 

NOTE: Register Bit # is read from right to left, 0•3 according to 
the hardware bit numbering convention. 
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BIT TEST BRANCH TRUE 
--- ---- ------ ----
•••••••-•••••••••••••••--••-•••-•••••--••••••&•m••••••-••••••••••••••-• 
I OP 1 REGISTER I REGISTER I REGISTER I DISPLACEMENT I DI SP LAC EHEN T a 
I CODE I GROUP ' . I SELECT ft I BIT # I SIGN I VALUE I 

• 0101 I o ••• 15 l 0 ••• 1 I o ••• 3 I 0 - POSITIVE I () ••• 15 I 
I • I I I 1 - NEGATiiE ' I 

------~------~~~--~---------~-~---~~----~---~-~--~------~---~---~~-----
15 12 11 7 6 5 . 3 0 

This instruction tests the designated bit within the specified 
regf ster and branches <relative to the next instruction> by the amount 
and direction of the signed displacement value if the bit is 1. If the 
bit is o~ a displacement value of O is assumed- and control passes to 
the next in•tine H•instruction. A displacement value indicates the 
number of 16•bit words from the next in-tine instruction. A negative 
sf gn indicates lower addresses in control memory Cbactword 
displacement>. The maximum displacement is 15 microinstructions. 

NOTE: Register Bit # fs road right to loft~ 0-3 according to the 
hardware bit numbering convention. 

BRANCH 
. ·-----
--------------------------------------------------I OP I DISPLACEMENT SIGN I DISPLACEHENT VALUE I 
I COOE I 0 = POSITIVE t I 
I 110 I 1 = NEGATIVE a o ••• 4095 1 

--------------------------------------------------15 13 12 11 0 

This instruction fetches the next microinstruction from the location 
obtained by adding the signed displacement value given in the 
.instruction to the address of the next in•tine microinstr~ction. 

A displacement value indicates the number of 16-bit words. 

CALL ----
--------------------------------------------------I OP I DISPLACEMENT SIGN I DISPLACEMENT VALUE I 
I CODE I 0 = POSITIVE i I 
I 111 I .1 = NEGATIVE I 0 ••• 4095 I 

------------------------·-------------------------15 13 12 11 0 
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This instruction pushes the address of the next in-line 
microinstruction Calready contained in A· register> into the A stack 
and then fetches the next microinstruction fro• the location obtained 
by adding the signed di~ptacament value given in the instruction to 
the address of the next iri•tine microinstruction. 

A displacement value indicates the number of 16-bit words. 

NOTES: 

1. EXIT• the opposite of CALL. is accomplished by employing the 
MOVE register instruction ~ith TAS as the source register and 
A as the sink register. 

2. When the A address is stored in the A stack• it ts multiplied 
by 16 and stored as a bit address. 

CASS£TTE CONtROl -------- -------
---------------------------------------------------I OP I CASSETTE MANIPULATE I RESERVED 1 
.I CODE I VARIANTS <V> I FLAG BIT I 
1.0000 0000 0010 t o ••• 7 I 0 ••• 1 I 

---------------------------------------------------15 4 3 l 0 

This instruction performs the indicated operation on the 
casultte. 

v :z 0 
1 
2 
3 
It 
5 
6 
1 

Start Tape 
Stop Tape 
Stop Tape if X NEQ Y 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 

tape 

All Stop Tape variants cause the tape to halt in the next -available 
gap. 
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<Available on 81720 systems only> 

----------------~------~~·-----
t OP I REGISTER FLAGS t 
1 CODE I 8•BITS I 
I 0000 0011 J L T Y X f f r C t 
I I ALUPI 

•••e•~•••----~~--~-----~-------
15 8 1 0 

This. instruction clears the specified register<s> to 0 if the 
respective flag bit is 1. 

COUNT fA/Fl ------ -----
--------------------------------------I OP I COUNT I LITERAL I 
I CODE J VARIANTS CV> t I 
I 0000 0110 I o ••• 7 I o ••• 31 I 

--------------------------------------15 8 7 5 4 0 

This instruction fncrements <decrements> binarity the designated 
register<s> by the value of the literal contained tn the instruction 
or by the value of CPL if the value of the tLteral is o. 

Neither overflow nor underftow of FA is dectected. The value of FA may 
go through its maximum value or its minimum value and wra~ around. 

Overflow of FL is not detected. The value of fl may go through its 
maximum value and wrap around. Underflow of fl is detected and will 
hot wrap ~round. The value O is left in FL. 

literal·· values <or CPL values if LJT=O> of 25 through 31 are truncated 
to the value 24. 

Count variants are as follows: 

v = ()00 No Count 
001 Count FA Up 
010 Count Fl Up 
011 Count FA Up and f'L Down 
100 Count. f A Down and fl Up 
101 Count FA Down 
110 Count fl Down 
111 Count FA Down and f L Down 
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PORT ABSENT is executed by the processor when necessary to return a 
Port Device Absent level signal to anot~er port indicatfng the absence 
of the designated channel. 

Dispatch operations in th~ case of Processor-2 and Processor Adapter•! 
(direct connect to memory) are limited to the following: 

1. LOCKOUT • SKIP-If•NOT·ALREADV•LOCKEO: always ski~s. 

2. WRITE LOW: always sets Port Device Absent level true <true 
indicates absence>. 

3. READ ANO CLEAR: always sets the Port ·oevice Absent level 
false (false indicates present>. 

No changes occur in the T and L registers. In the INCN register only 
the Port Device Absent bit can change. The Lockout- the Interrupt, and 
High-Priority bits witl always be false. No other dispatch operations 
are defined •. 

EXTRACT FROM REGISTER T 
--~---- --~- ~------~ -
·••••••••••••••••••••••••••••-•••••••••m••••••• 
I OP I ROTA TE I DESTINATION I EXTRACT I 
I CODE I BIT COUNT· ' REGISTER I BIT COUNT I 
I 1011 I 0 ••• 24 I 00 - x I 0 ••• 24 I 
I . I I 01 - y I I 
I I I 10 • T I I 
I I ' 11 l ' I 

----------------------------~-----------------15 12 11 7 6 5 4 0 

This instruction rotates the T register contents left by the ROTATE 
·Count, extracts the bits specified and moves the result to the sink 
register. If the extract bit count is less than 24- the data ts 
right•Justified with the left <most•significaritl zero bits supplied. 

The contents of the T register are unchanged unless it is also the 
sink register. 

A rotate value of 24 is equal to 0 and is equivalent to a NO 
OPERATION. 
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<Requires a hardware I/O subsystem available on the 81720 only> 

--------------------------------------------------------------------I OP I DISPATCH I SKIP VARIANT I 
I CODE I VARIANTS t <Applies onty to I 
I 0000 0000 0001 I 000-LOCKOUT •• lockout variant> I 
I • 001-WR'ITE I O·SKIP IF ALREADY LOC KEO I 
I I OlO•REAO • l•SKIP If NOT ALREADY LOCKED I 
I I 011•REAO & CLEAR • I 
I I 100-WRITE HIGH I I 

' I 101•PORT ABSENT • ' --------------------------------------------------------------------15 4 3 1 0 

This instruction sends/receives Interrupt and interrupt infor•atton 
to/from other ports. 

Since the interrupt system is shared by all ports• the processor 
should gain control of the interrupt system by successfully completing 
a LOCKOUT prior to a DISPATCH WRITE • 

LOCKOUT sets the lockout bit in the DISPATCH register and allows, via 
the skip variant, skipping or not stippi·ng the next 16•blt instruction 
based upon the success or failure <alroady set> of the LO:KOUT. 

WRITE <High or Low> DISPATCH sets the Lockout and Interru~t flip flops 
in the port interchange. It also stores the contents of the L register 
into ~emorv location O to 23 and the contents of the teast•significant 
seven bits of the T register <designating the destination port I and 
channel •> into the appropriate port interchange register. In 
addition, it sets <Write High> or resets <Write Low> the high 
Interrupt flip itop in the port interchange. 

READ DISPATCH stores the contents of memory locations O through 23 
into the l register and the contents of the Port Channel register into 
the least significant 7 bits of the T register. The other 17 bits of T 
are unaffected. 

READ AND CLEAR DISPATCH 1n addition to performing the READ DISPATCH 
operation clears the lockout flip flop1 the two interrupt flip flops 
and the Port Device Absent flip flop f n the port interchange. It does 
not clear any memory locations. 
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NOTE: The microprogramming assembler uses the left-most bit to be 
extracted and calculates the rotate bit count to be used by 
the hardware circuits. The assembler addresses the b1ts 
within the T register left to right as 0 through 23; 
hardware addresses the bits right to left as O through 23. 

fOUR•B IT MANIPULATE 
----~--- -~--------

-------------------------------------------------------I OP I REGISTER I REGISTER I MANIPUL~TE I LITERAL I 
I C 0 0 E I · GROUP # • SE l EC T # I V A RI ANTS < V > I I 
I ·0011 I o ••• 1s 1 0 ••• 1 I o ••• 7 I 0 ••• 15 I 

--------------------------·---------~----·-------------15 12 11 8 7 6 4 3 0 

This instruction performs t.he operation specified by the variants on 
the designated register. 

v = 0 The register 
1 The register 

literal. 
2 The reg1ster 

literal. 
3 The register 

register and 
4 The register 

register and 
5 ·rhe register 

register and 
skipped if a 

6 The register 
the register 

1 The register 
the register 
skipped if a 

EXCEPTIONS: 

is set to the value of the literal. 
is set to the logical ANO of the register and 

is set to the logical OR of the register and 

is set to the logical EXCLUSIVE-OR of the 
l 1t era L. 
is set to the binary sum <modulo 16> of the 
lit er al. , 
is set to the binary sum <modulo 16> of the 
literal~ and the next microinstruction is 
carry f s produced. 
is set t~ the binary difference <aoduto 16> of 
and the literal. 
is set to the binary difference m~dulo 16 of 
and literal, and the next eicroinstruction is 
borrow ts produced. 

BICN• FLCN~ XYCN~ XYST, INCN CB1720> and CPU <B1710> when specified as 
operand registers are not changed as a result of this operation. 
Howeverp the carry or borrow outputs are produced and ~ skip can 
resutt. 
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This instruction stops the execution of the microinstructions. In RUN 
mode the next micro to be executed is fetched and stored in the H 
register~ and the A register points to tke next foltowini micro. In 
TAPE mode the next micro is not fetched and stored in the M register. 
but the HALT micro is teft in the M·register. 

The register indicated by the register select switch will be 
di splayed. 

LOAD r FROM OOUBLEPAO WORD ---- - ---- --------- ----
<Available on 01720 systems only> 

•••••••••••••••••a••••••••••••••• 
I OP I SCRATCHPAO I 
t CODE I WORD ADDRESS a 
I 0000 0000 0101 I 0 ••• 15 I 

-------~-------------------------15 4 3 0 

This instruction moves the contents of ·the A and 8 portions of the 
designated scratchpad word to the FA and fB registers res~ectivety. 

MONITOR 

-------
<Available on 81720 systems·only> 

-----------------------------------. I OP CODE f VARIANTS I 
t 0000 1001 I 1• G• 5. 4- 3• 2• 0 I 
••••••••••••••u•••••••••••••••••••-

15 8 7 0 
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This instruction skips to the next sequential instruction. 

Ourtng the time this micro-operator is executing the operator and the 
last two bits <0 and 1) are decoded, ~NOed with the system clock and 
are present in the backplane as fotlowsi 

MONITOR 
MONITOR 
HON I TOR 
HON I TOR 
MONITOR 

0 
OORO 
OlRO 
02RO 
03RO 

True 
True 
True 
True 
True 

for the 
if last 
if last 
if last 
if last 

OP Code 
two bits are 00 
two bits are 01 
two bits are 10 
two bits are 11 

At the backplane• the monitors are one•half -ctoc~ from leading edge to 
trailing edge. 

MO~E 8•BIT LITERAL ---- ----- -------
--------------------------------• OP I DESTINATION I LITERAL t 
I CODE I REGISTER I I 
I 1000 I GROUP 3 I o ••• 2ss • I I o ••• 1s ' ' --------------------------------15 12 11 8 1 0 

This instruction moves the 8•bit literal· given in the instruction to 
the sink register. If the move is between registers of unequal 
lengths, the data is right-justified with left <most-significant> zero 
bits supplied. 

EXCEPTIONS: 

l• READ and WRIT are exctuded as sinks. 

2. When H is used as a sink register. the operation ts changed 
to a bit-OR which modifies the ne~t microinstruction. It does 
not modify the instruction as stored in memory~ 
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-----·---------------------------------I OP I DESTINATION I 24-BIT LITERAL I 
I CODE ' REGISTER I I 

' 1001 • GROUP # I O ••• HAX I 
I I o ••• 1s I I 

---------------------------------------15 12 11 8 7 0 
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This instruction moves the 24-bit literal given in the double•length 
microinstruction to the sink register. If the move 1s between 
registers of unequal lengths, the literal is truncated fro• the left. 

EXCEPTIONS: 

1. READ, WRIT• H and CP <01710) are excluded a~ sinks. 

2. The HSMA register Cavatlable only on the B1720> may be a sink 
only in the TAPE mode. 

NO OPERATION ...... -- ------
----------------------~ I OP I 
I CODE I· 
I 0000 0000 0000 0000 I 

-----------------------15 0 

Thfs,fnstruction initiates a skip to the next sequential tnstruction. 

NORMALIZE X --------- -
-----------------------I OP I 
I CODE I 
t 0000 0000 0000 0011 I 

----~----~-~~~---------
15 0 
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This instruction shifts the X register left while counting Fl down 
untit fl = O or until the bit in X referenced by CPL = 1. Zeros are 
shifted into the right•most end of x. 

CPL= l references-the r1ght•most bit of X white CPL= Z~ references 
the left-most bit of X. If CPL = o, the operation will continue until 
fl = o. 

OVERLAY CONTROL MEMORY ------- ~--~--- ------
<Available on 81720 systeas only> 

-------~-------~-------I OP I 
I CODE t 
t 0000 0000 ~000 0010 I 

--------------------~--15 0 

This instruction overlays control meMory CH-Memory> from main memory. 

The starting main memory address is in the FA register; the length of 
the data to be overlaid~ in bits, is in the fl register. The starting 
control memory address is in the l register. 

Execution of the instruction proceeds as follows= 

t. The contents of the A register are moved to the TAS register. 

2. The contents of the L register are moved to the A register. 

3. The first 16 bits of data are read from main memory and 
stored in the control memory vta register L. Register fl is 
decremented ty 16 bits1 FA is incremented by 16 bits; and A 
is incremented by 1 word. 

4~ Step 3 is repeated until Fl = 0 or A > HAXH, at whfch point 
_the process terminates with a move of TAS to A. 

5. The operation then continues with the next mfcrofnstructfon. 
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READ/WRITE MEMORY 
---------- -~----

----------------------------------------------------------------------IOP I DIRECTION j COUNT I REGISTER ' I FIELD I MEMORY I 
ICODE a 0 TO REGISTER t VARIANTS I 00 = x I DIRECTION I FIELD I 
10111 I 1 TO MEMORY I 0 ••• 1 ' 01 = Y. ' 0 - POSITIVE I LENGTH I 
I • I I 10 = T I 1 - NEG AT I VE I o ••• 26t 
I I I I 11 = L I I I 

----------------------------------------------------------------------15 12 11 10 8 7 6 5 4 0 

This instruction moves the contents of the register <memory> to the 
memory <register>. If the value of the memory field len~th is less 
than z4, the data from memory is right-justified with left 
<most•significant> zero bits supplied while the data from the register 
is.truncated from the left. 

The contents of the source is unchanged. 

Register FA contains the bjt address of the memory fi~ld while the 
mem~ry field direction sign and memory field length are given in the 

. instruction • 

If the value of the memory field length as given in th~ Instruction is 
o~ the value in CPL is used. 

Memory fjeld length values Cor CPL vatu~s if Mfl = O> of 25 and 26 are 
truncated to the value of 24. When used on a WRITE operation• the 
value 25 and 26 cause odd and even parity·respectively to be written 
into memory ~egardless of the parity of the read data. 

For a description of the count·variants- see COUNT FA/Fl. 

READ/WRITE MSH 

---------- ---
<Available on 81720 systems only> 

--------------------------------------------------I OP I VARIANTS I R/W VARIANT t 
I CODE I G/B I H/F I S/N I 0 TO X I 
I 00 0 0 0 0 0 0 0 111 1 I I I -1 f R 0 H x ·1 

--------------------------------------------------15 4 3 z 1 0 
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This instruction <1> moves the contents of the X register to the 
M-H~~ory word specified by the address contained in the L register if 
the R/W variant bit = 1; data· is right justified with left Caost 
significant> bits supplied or <2> moves the contents of the H•Hemory 
word specified by the address contained in the l register to the X 
register if the R/W variant bit = o; data is right justified with left 
<most significant> zero bits supplied. 

The lower 4 bits and the upper 8 bits of the address tn l are ignored. 

READ/WRITE MSH causes the A register to be moved to the TAS register 
and the L register to be moved to the A register before the 
instruction is executed. The TAS is restored to A after the READ/WRITE 
HSM operati~n is completed. 

The S variant js used to enable the set/reset of the G/8 and H/f flip 
flops. If S = l• the GIB and H/F flip·flops are set/reset by the GIB 
and H/f vartants. If S = o- no change is made in the GIB and H/f flip 
fl ops. 

If the GIB flip flop is true. all READ/WRITE HSH operations will force 
bad parftv in the addressed word. If the G/B flip flop· is false. all 
READ/WRITE HSM operations will force good parity in the addressed 
word. 

If the H/f flip flop is true, the-processor upon reading an "•Memory 
word containing parity error will flag the error condition by setting 
a CD bit true. It Nitl not halt. If the H/F flip flop is false, the 
processor upon detection of a parity error in reading an ~-Memory word 
will flag the error condition by setting P£RR bit ·1 true and then 
halt. Reading an H·Hemory word occurs when fetching a H•op from 
H•Memorr or when moving an M-Hemory word to any destination. 

The H/F and GIB fltp flops are cleared to zero <false> with the CLEAR 
signal. If S = 1~ the GIB and H/f flip flops are set/reset prior to 
the execution of the READ/WRITE ffSH portion of the operatfon. 

REGISTER HOVE -------- ----
---------------~--~-~~----~---------------------~-----~---I OP· I SOURCE I SOURC.E I DESTINATION I DESTINATION I 
I CODE I REGISTER •• REGISTER ' REGISTER I REGISTER I 
I 0001 I GftOUP # • SELECT # I GROUP ' I SELECT ,. I 

• I 0 ••• 15 I o ••• 3 I o ••• 3 • o ••• 1s I 

-~---~----~-------~----~-------------~----------~-~-~-----15 lZ 11 8 1 6 5 4 3 0 
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This instruction moves the contents of-the source register to the sfnk 
register. If the move is between registers of uneQual len9ths• the 
data is right-Justified with left <most-significant> zero bits 
suppl,ed 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-register. 

EXCEPTIONS: 

1. WRIT, CHND <and CPU• READ on 81710> are excluded as source 
registers. 

2. When the H register ts used as a sink in RUN or STOP mode, 
the operation ;s changed to an bit-OR ~hi~h modifies the next 
afcroinstruction. It does not modify the instruction stored 
as stored in memory. In TAPE mode~ no bit•OR takes place. 

3. BICN• FLCN• XVCN, XYST• INCN, RE~D• WflIT, SUM~ CMPX• CMPY~ 
XANY~ XEOY~ XEOR· MSKX· DIFF. MAXP MAXH. and u are excluded 
as sint registers. 

4. ·u is excluded as a source register-in the STEP mode. 

5. When DATA <and SUMP DIFF on 8171D> is designated as a source. 
CHffD, and DATA are excluded as sinks. 

6. On the 81710 when A• M. cp, or DATA is desi~nated as a 
source~ att 4•b1t registers are prohibited as sinks. 

1. On the 81720, when U or DATA is designated as a source and 
when tho next micro is to be obtained from main 1emory~ M fs 
exctuded as a sink. 

·SCRATCHPAO HOVE 

---------· ----
------~--~~---~-·----~~-~-----~-~-----------~---------~-------------~--I OP I REGISTER I REGISTER ' DIRECTION I SCRATCHPAD I SCRATCHPAD ' I CODE I GROUP ' I SELECT ' ·I o-ro I WORD ' WORD ' I 0010 I 0 ••• 15 I o ••• 3 I SCRATCHPAO I O•LEFT WORD ' ADDRESS I 
I I I • t-FROH ' t•RIGHT· I 0 ••• 15 I 
I ' I I SCRATCHPAO t WORD I - I 

---·-----------------------------------------------------·-------------15 12 11 6 7 6 5· 4 3 0 
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This instruction moves the contents of the register <scratchpad> to 
the scratchpad <register>. If the move is between f1elds of unequal 
lengths• the dat.a is right-Justified wit'h left Cmost•signiftcant> zero 
bits supplied or the data is·truncated from the left• whichever is 
app-ropr i ate. 

The contents of the source register are unchanged. 

EXCEPTIONS: 

1. When the M r~gf ster ts used as a sink~ the operation is 
·changed to a bit•OR which modifies the next microinstruction. 
It does not modify the f nstruct·i on as stored in aemory. 

2. BICN., FLCN~ XYCN• XYST• INCN,. READ• WRIT• SUM,. · CHPX- CHPYll' 
XANY, XORY~ XEoY~ MSKX· MSKY, OIFF~ HAXS• MAXM and u are 
excluded as sint regfsters. 

3. WRIY~ CMNO <and· CPU~ READ on 81710> are excluded as source 
registers. 

4. U is excluded as a source in STEP mode. 

5. On the 81710 M as a source resutts in a transfer of 24 zeros. 

SCRATCHPAD RELATE FA 
---------· -----~ --
-~------~------~--~-----~-----~~-----~~-------~------------~--I OP I RESERVED I SIGN OF I lEFT HALF ADDRESS I 
I· CDDE I I 0 =POSITIVE I OF A·SCRATCHPAD WDRD I 
I 0000 1000 • 000 I 1 = NEGATIVE I 0 ••• 15 I 

--------------------------------------------------------------15 8 1 5 4 3 0 

This instruction replaces the contents of the FA register by the 
binary sum of FA and the left half the specified scratchpad word. 

Neither overflow nor underflow of FA is detected. The vatue of FA may 
go through its maximum value or its minimum value and wrap around. 
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SET CYf --- ---___________________ M ____________ _ 

I OP I SET I 
I CODE I VARIANTS <V> I 
I 0000 0000 0110 I 1•2~4•8 I 
---------------~-~~~~--~--~-~--~-

15 4 3 0 

This instruction sets the carry tl•p-flop as specified by the 
variants. 

v = 1 
2 ,. 
8 

NOTES: 

Set CYF to 0 
Set CYF to 1 
Set CYF to CYL.<carry total from sums> 
Set CYF to CYD <carry borrow from difference> 

1. CYL is .generated under the· control of the length in CPL. 

2. CYF is an input to the arithmetic logic along with the X 
and Y registers. CYf is the left-most bit of the CP 
portion of the C register • 

. SHIFT/ROTATE REGISTER T LEFT-
------------ -------- - ----
------------------------------------------------------------------I OP I DESTINATION. I DESTINATION 1 SHIFT/ROTATE I SHIFT/ROTATE I 
I CODE I REGISTER I REGISTER I 0 - SHIFT I BIT COUNT I 
I 1010 I GROUP ' I SELECT • I 1 -ROTATE I 0 ••• 2~ I ., I o ••• 1s I o-. •• 3 I I 

----------------------------·-------------------------------------15 1 z 11 8 7 6·· 5 4 

This tnstruction shifts <rotates> registeF T left by the 
bi·ts specified and then moves the 24•bit result to the sink 
If th& move is·between registers of ·unequal lengths, the 
right-justified~ with data· truncated from the left. 

0 

number of 
register. 
data is 

The contents of the T register are unchanged unle~s ft ts also the 
sink register .. 
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Zero fill on the right and truncation on the left occurs with the 
shift op~ration. ROTATE is an end-around shift with no truncation or 
fill-

If the value of the SHIFT/ROTATE COUNT as gtven fn the Instruction is 
o~ the value given in CPL i$ used. 

EXCEPTIONS: 

1. Wh~n the H register is used as a sint register. the operation 
is changed to a bit•OR which a~diffes the next 
Microinstruction. It does not modify the instruction as 
stored in memory. 

2. BICN1 fLCN• XYCN• xvsr~ INCN# READ. WRIT, SUM- CMPX. CHPY. 
X~NY, XEOV. XORY~ Oiff • HAXS. HAXM and u are excluded as sint 
r,egisters. 

SHIFT/ROTATE REGISTERS XY LEFT/RIGHT 
--~-----~--- -------~~ ~- --~-----~-

----------------------------------------------------------I OP I SHIFT/ROTATE I SHIFT/ROTATE I SHIFT/ROTATE I 

• CODE • VARI~NT I DIRECTION t BIT I 
I 0000 0101 1 0 - SHIFT ' VARIANT t COUNT I 
I I l - ROTATE I 0 • LEFT I o ••• 48 I 
I I I 1 - RIGHT I I 

-------------------------------------------·--------------15 6 1 6 5 0 

This in~truction shifts (rotates> register X and Y left <rtght> 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 may be specified on the 8171~ for the concatenated XY 
register. 

Zero fill on the right and truncation on the left.occurs wfth the left 
shift. Zero fill on the left and truncation on the right occurs wf th 
the right shift. 

If the value of the SHIFT/ROT~TE COUNT as given in the instruction is 
o~ the operand is shifted/rotated by the amount determined ~Y CPU as 
follows: 
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CPU SHIFT/ROTATE COUNT 

--- ------------------4 00 1 bit 
01 4 bits 
10 Undef inad 
11 8 bfts <available only on 81720 systems> 

NOTE: The shift by CPU option is available only on 81720 syste•s. 

SHIFT/ROTATE REGISIER X/Y LEFT/RIGHT 
-------~~--~ ~~----~- -~- --~-----~-

-----------------------------------------------------------------------I OP I SHIFT/ROTATE • SHIFT/ROTATE I X/Y I SHIFT/ROTATE I 
I COOE • VARIANT I DIRECTION I VARIANT • BIT I 
I 0000 0100 I 0 - SHIFT I 0 - LEFT I 0 - x REG I COUNT I 
I I l - ROTATE· ' 1 - .: RIGHT · ' l - y REG I o ••• 21t ' -----------------------------------------------------------------------15 8 7 6 5 4 0 

This instruction shifts <rotates> regis~er X or Y left or right by the 
number of bits specified. 

Zero fill on the right and truncation on the left occurs wtth the left 
shift. Zero fill on the left and truncation on the right occurs with 
the right shift. 

If the value of the SHIFT/ROTATE COUNT as given in the instruction is 
o. the operand is shifted <rotated> by the amount determined by CPU as 
follows: 

CPU SHIFT/ROTATE COUNT --- ------------------00 1 bit 
01 4 bits 
10 Undefined 
11 8 bits <not available on 81710 ~ystems> 

NOTE The shift by the CPU option is av•tlable on 81720 systems 
only. 
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SKIP WHEN 

---- ----
----~~-~-~--~--------~---~------~------------~--~-~---I OP I REGISTER I REGISTER I SKIP TEST I MASK I 
• CODE t ROW # S COLUMN I I VARIANTS <V> I 0 ••• 15 I 
I 0110 I o ••• 15 I 0 ••• 1 l o ••• 7 I I 

~----~---~--~-----~----~------~~----~--------------~--15 12 11 8 1 6 4 3 0 

This instruction tests only the bits in the register that are 
referenced by the l bits in the mask and ignores alt others. It then 
performs the actions specified below. Exception: If V = 2 or V = 6• it 
compares all bits for an. equal condition. 

v = 0 

1 

If any of the referenced bits are 
H•instruction ts skipped. 
If all thg referenced bits are l's~ the 
is skipped. 

the next 

next 'I· instruction 

2 If the register is eqOal to the· mask~ skip the next 
M•instruction. 

-
3 This is the same as V = 1, but the referenced bits are also 

cleared to O without affecting the non-referenced bits. 

4 If any of the referenced bits 
H•fnstruction is not skipped. 

are the next 

5 tf all the referenced bits are t•s- the next ~-instruction 
is not skipped. 

6 If the register is equal to the mask~ the next 1-instruction 
·is not skipped. 

1 This is the same as v·= 5. but the referenced bits are also 
cleared to 0 without affecting the non-referenced bits. 
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1~ If the mask equals 0000 the ANY result is false. The skip is 
aade for V = 0 and ts not made for V = 4. If the sask equals 
0000~ the All result is true. The skip is made for V=S and 
V=7 and is not. m·ade for V=l and V=3. 

2. BICN- FLCN~ xvcN, XYST. and cannot be cleared with V = 3 or v 
= 1. However, they can.be tested. 

STORE F INTO DOUBLEPAD WORD ----- - ---- --------- ----
<Available on-81720 systems only> 

--------------------------------· I OP I SCRATCHPAD I 
I COOE I WORD ADDRESS I 
I 0000 0000 U100 I 0 ••• 15 I 

----------~-------~-----------~--15 4 3 0 

This instruction moves the contents ·of the FA and re registers to the 
_designated scratchpad word. FA is transfered to the A hatf of the 
·scratchpad word, and FB <which contains FL. FT. and FU> is transferred 
to the a scratchpad word. 

The contents of ·fA and re remain unchanged. 

SWAP f WITH DOUBLEPAD WORD ---- - ---- --------- ----
----------------------------------------I OP· 
I CODE 
I 00 00 0111 
I 
I 

I DESTINATION I SOURCE I 
I 48-BIT I 48-BIT I 
I SCRATCHPAO I SCRATCHPAO I 
I WORD I WORD I 
I o ••• 15 t o ••• 15 I 

--------------·-------------------------ts 8 7 4 3 0 

This instruction moves the contents of the FA and FB registers to a 
hardware holding register. It atso moves the contents of the left and 
right word of the source scratchpad word to the FA and Fe register 
respectively, and moves the contents of the hardware holding register 
to the destination scratchpad word. 
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<Available on 81720 systems only> 

--------------------------------------------------I OP I REGISTEJ\ f. I FIELD I HEH ORY I 
I CODE • 00 = x I DIRECTION I FIELD I 
I 0000 0010 I 01 = y I 0 - POSITIVE 1 LENGTH I 
I I 10 = T I . l - NEGATIVE I 0 ••• 21+ I 
I • 11 = L I I I 

--~-----~---~~-~~---~~--~-~~------~---~~----~~----
15 8· 7 6 5 0 

This instruction swaps data from main memory with the data tn the 
specified register. If the value of the memory field is less than 24~ 
the data from memory is right-Justified with left <most-significant> 
zero bits suppl;ed. The data from the register is truncated from the 
left before entering memory. 

Register FA contains the absolute binary address of 
field while the field direction sign and field 
instruction. 

the matn memory 
is given fn the 

If the value of the memory field length as given in the instruction ts 
o. the vatue given in CPL 1s used. 
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Table 8•6: Microinstruction Ti•fng 

-------------------------------------------------------·-----------I 81710 .• 81720 
I Notes I Clocks Microinstructions I Clocks I Notes 

·-------·-------- -------------------------------·--------·-------I 
I 
I 
I 
t 
I 
I 
I 

1 

3 

2 
2 

4 

I 2 
I. • 
I 2 

2 
ft 
5 
2 -
4. -
3 
2 
2 

2 
2 
6 
2 
6 

8 

2 
2 
4 
2 
3 
6 
J 
2 

10 

BIAS I 
BIND I 
BIT TEST BRANCH FALSE I 
BIT TEST BRANCH TRUE I 
BRANCH I 
CALL I 
CASSETTE CONTROL 
CLEAR REGISTERS 
COUNT FA/Fl 
DISPATCH 
EXTRACT fROM REGISTER T 
FOUR-BIT MANIPULATE 
HALT 
l040 f FROM OOUBLEPAO WORD 
MONITOR 
HOVE 8•8tT LITER~L 
~OVE 24-BIT LITERAL 
NO OPERATION 
NORMALIZE X 
OVERLAY CONTROL HEMO~Y 

PEAD/WRITE MEMORY 
READ/WRITE HSM 
REGISTER HOVE 
SCRATCHP"O HOVE 
SCR~TCHPAO RELATE FA 
SET CYf 
SHIFT/ ROTATE REGISTER T LEfT 
SHIFT/ ROTATE XY LEFT/RIGHT 
SHIFT/ROTATE X/V LEFT/RIGHT 
SKIP WHEN 
STORE f INTO OOUBLEPAO WORO 
SWAP f WITH DOUBLEPAO WORD 
SWAP MEMORY 

1 I 
3 I 
1 I 
1 
1 
2 
1 
1 
t 

6/5 
1 
1 
1 
1 
1 
l 
2 
1 
1 
5 

51~· 

6 
1 
l 
1 

·1 
1 
1 
1 
1 
l 
2 
4· 

1 

2 
3· 
4 

2 
2 

5 

I 

-------------------------------------------------------------------
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81710 NOTES: 

The basic clock of the 81710 is 4 mega hertz. 

1. Thfs includes the fetch of the called microinstruction. 

2. For BCD result register moves~ there are three clocks. 

3. There are six clocks per bit· plus one additfonal cloct<. 

4. Only a vatue of one bit is allowed in the 91710. 

81720 NOTES: 

The basic clock of the 81720 is 6 mega hertz. 

1 .• If the relative address ts not within control 
<therefore in main memory>~ there are two clocks. 

2. There is one cloct per bit. 

memory 

3. There are ffve clocks per 16 bits ~one •icrofnstruction> plus 
five clocks. 

4. READ is five clocks until the processor receives the data. 
WRITE is four clocks until the processor is released. So•e 
tnstructi.ons aay be performed during the proce~sor READ or 
WRITE command times if they immediately follow the READ or 
WRITE commands: this is called •concurrency•. Consecutive 
READ or WRITE commands operate at MAIN ME~ORY RfAD cycle 
speed <four clocks> or WRITE cycle speed Csix clocks> 
respectively. 

5. The data is presented to the processor and is released in one 
HAIN MEMORY READ cycle. Concurrent execution of certain 
aicroinstrcutions ls performed if they immediately follow the 
SWAP command. The WRITE portion of the SWAP command is begun 
and performed in parallel to the READ portfon• and main 
memory is not available for the duration of a WRITE cycle. 
For consecutive •ain memo~y commands, refer to note 4. · 
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APPENDIX Ci RESERVED WORDS AND SYMBOLS -------- -- -------- -·--- --- -------
BEGIN DEFINE 
BIAS DEFINE.VALUE 

c 81CN DI ff 
• BIT DIFFERENCE 
< BITS DISPATCH 
<= BR DOWN 
( BRANCH OUHP 
+ .. BRANCH.EXTERNAL ELSE 

* av EMIT.RETURN.TO.EXTERNAL 
) CA ENO 
• CALL.EXTERNAL EOR , 
, CARRY EQL - CASSETTE EXIT 
I CAT EXTRACT 
I= CB f , cc FA 

co - FA.POINTS 
> CHARACTER FALSE 
>= CLEAR f B 

' CHNO FINI 
; CMPX FIXED 
• CMPY FL 
= COOE.SEGHENT fLC .. CODE.SEGMENT.NUMBER FLCN 
A COMPLEMENT FLO 
ABSOLUTE CONSOLE.SWITCHES f'LE 
ADO CONSTANT f LF 
ADDRESS COUNT FOR 
ADJUST CP FORWARD 
All CPL FROH 
AND CPU f T 
ANY CYD FU 
ANY.INTERRUPT CYf GEQ 
AS CYL GO 

.ASSIGN DATA GTR 
AST ACK DATA.LENGTH HALT. 
~T DATA.TYPE HEX.SEQUENCE.NUMBER 
BACKWARD DATA.USAGE HI.PRIORITY 
BASE.LIMIT DEC HIP RI 
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INC 
INCLUDE 
INCN 
INTERRUPT 
INTO 
JUMP 
l 
LA 
LB 
LC 
LO 
LE 
LEf T 
LENGTH.BETWEEN.ENTRIES 
LEQ 
Lf" 
LIT 
LOAD 
LOAO.HSHA 
LO AO.SHEM 
LOCAL.DEFINES 
LOCATION 
LOCK_" 
LOCKED 
LOCKOUT 
LR 
LSBX 
LSBY 
lSS 
LSUX 
LSUY 
H 
M.HEMORY.BOUNOARY 
MACRO 
HAKE.SEGMENT.TABLE.ENTRY 
HA XI MUM 
MAXH 
HAXS 

MIL 

MICRO 
HI NI HUH 
MINUS 
MOD 
MONITOR 
MOVE 
HSBX 
MSKX 
MSKY 
MSMA 
MSHL 
NEQ 
NEWSEGHENT 
NO.DEVICE 
NOOEVICE 
NOP 
NORMALIZE 
NOT 
NULL 
OR 
OVERLAY 
PAGE 
PLUS 
POINT 
PORT 
PROGRAM.LEVEL 
READ 
REDUNOA.NT.COOE 
REMAPS 
RESERVE.SPACE 
RESET. 
REVERSE 
RIGHT 
ROTATE 
s 
S.HEHORY•lOAO 
SEGMENT 
SEGMENT.COUNT 
SET 
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Sf l 
~ SfU 

SHIFT 
SKIP 
SPACE 
START 
STOP 
STORE· 
SUB.TITLE 
SUBTRACT 
SUt-1 
SWAP 
so 
SOA 
SOB 
51 
514 
SlB 
510 
SlOA 
5108 
511 
S11A 
5118 
512 
S12A 
SlZB 
Sl3 
S13A 
Sl30 
514 
S14A 
511+8 
515 

. S15A 
5158 
52 
S2A 
526 

S3A 
S3B 
54 
S4A 
548 
55 
SSA 
558 
56 
S6A 
568 
57 
S7A 
578 
58 
S6A 

. 588 
59 
S9A 
598 
T 
TA 
TABLE 
TAS 
TB 
TC 
TD 
TE 
TEST 
Tf 
THEN 
TITLE 
TO 
T 00 A Y S • 0 ATE 
TODAYS.TIME 
TOPH 
lRf\CE 
TRANSFER.CONTROL 

·rRUE 

UNIT 
UNLOCKED 
UP 
VALUE 
WHEN 
WITH 
WRITE 

··WRITE.STRING 
x 
XAN\' 
XCH 
XEOY 
XORY 
XY 
XYCN 
XYST 
·Y 
0 
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