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1. NTRCDUCTION

The intert of this report is te¢ provide a demonstration of
a microprogrammed implementation of some array operations. The
machine chosen for this purpose is an INTERDATA/85, owned by the
Jepartment of Computer Science at Kansas State University.

Array operations are desirable as most numerical and scientific
computing requires extensive use of vectors and matrices. A
number of languages, most notably AFL, have been provided which
support vector and matrix menipulatinn., It is clear that
a2 language of the scope and power of AFL would probzbly be difficult
tc implement on a2 minicomputer. Howaver, it is felt that even
a language instruction set that zllowed scme array operations
would increase the usability of a conventional architechture
minicomputer.

This report therefore, tries to develop an orderly methodology
of implementation, rather than attempt an actual implementation.
(perations are grouped into modules, and one of the modules is
discussed. Later on, one of the operation (ADDSUR) is discussed
in further detail. The intent is to provide a documentation/
developement model that can be easily extended.

The report contains the focllowing sections:

1. Selection of instructions. The criteria .
for selections zre discussed.

2. Specification, Tomplete specifications
and error conditions are given for one grcoup
of instructions.
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3. High-level algorithms, Cne of the in-
structions, ADDSUER, is chosen. High-level
algorithms are given both for the mainline
and for each called routine.

4, Introduction to NMicrocoding., A tutorial
on micro programming for the INTERDATA/85,

5. W¥icrocode. The actuzl microcode for
routines in (3) is givern. Assertions are

in the text. These assertions surround a
piece of code, and are the conditions which
hold true after the code is executed. These
assertions aid both in verification and in
relating the code to the high-level algorithms,

The code is verified by means of a walk-through with some
input data. The walk-through is performed for three of the major
routines-as these routines contain enough cperations of interest
so that the reader should have no difficulty in grasping the
remainder of the microcode, and convinecing himself of its cor-
ectness,

It should be noted that a walk-through does not necessarily
imply proof of correctness. However, it is a good technique, and
has been demonstrated in practice to aid in understanding the
code. It alsc demonstrates at least partial validity. In our
case, for those routines for which a walk-through is performed,

the parts that are not ccvered by a set of data will mostly be

seen to be symmetric to the parts that are covered.
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1.1 SEIECTION CF CPERATIONS.

In this part, a number of primitives are proposed which
support a language that can be used for operations on vectors
and matrices. Some of the primitives that would be required can
be grouped into three modules, (see (1) and (2) discussion of
APL operations).

(i) A module consisting of a basic set of operations,
These in our opinion are:

--Addition/subtraction of vectors and matrices,.

--Dot product of vectors and inner product of
matrices,

--A subscript czpability for a vector cr matrix.
This can be generallzed to taking a section of
a matrix.-

--Assignment of vectors/matrices.

--Type conversion, from floating to fixed point and
from fixed to floating point.

() A module consisting of additional vector/matrix opera-
tions.

--Input/output to or from an array.

--Nultiplication/division of an array by a scalar.

-=-Inverse of a matrix,

~--More specialized computations such as the eignvalves
of a matrix.

(¢) A NModule consisting of surporting routines, Two routines
would be particularly necessary.

~-Allocation of array space.
~-Deallocation,

It would be advantageous if at least part of these routines
were providied at the level of microcode instead of scftware,
The advantages of microcode as opposed to conventional software

are:
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(A) Using software routines involves considerable software -
suppeort, in the form of linking programs. This can both
complicate the execution of a program, and increase its
overall execution time.

(B) Execution time is increased. The execution of

a program coded in mocrocode is less than the execution

time of a program coded in machine language. Each machine

instruction, even if it maps onto one micro-instruction,
requires extra processor time for instruction fetch and
decode.

(C) Core storage is saved, since the micro executes out

of control store. This can be an important consideration

in minis.

The 1limiting factor in utilizing microcode is, of course,

the limited amount of Control Store available, Thus the

DCS on the NModel 80 contains space for just 1000 instruc-

tions or data items.

Since space in control store is limited, it is necessary to
be selective in the routines selected for implementation in
microcode. Nodule (c¢c) is already available to the user of the
INTERDATA as part of most operating systems. MNodule (b) is too
specialized, and does noct have enough general utility. Module
(a) on the other hand, provides a basic capability and is worth
taking down into microcode,

However, if module (a) is in microcode and module (¢) in
machine code, then a special kind of enviroment is imposed on
the user of the system, All array space must be allocated
before an array instruction is used. Further, if the result of
an instruction is too large to fit into the result array, then
an error code is returned, 1In an interactive environment, the

user wculd have the option of attempting the instruction again.
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In the remainder of this report, specifications are given
for the routines in module (a). A high-level algorithm and
microprograms are given for one of the routines in module (a).
It is expected that this report will provide enough information

to aid in any further implementations of array operations.



2‘1

IT. SPECIFICATIONS FOR INSTRUCTIONS

In crder to perform operations on arrays, we need to know
some of their attributes. The attributes required are:

(1) TYPE-As the operation to be performed (floating
or fixed-point add’ for example, depends on
the type of the operand, hence the TYFE must
be known,

(2) ORCANIZATION-The definition of an operation,
depends on whether its operands are vectors
or matrices. Hence the organization of operands
needs to be known.

(3) MAXINMUM SIZE-This information is required in
order to ensure that the result of an operation
never exceeds the maximum space allocated
for an operand.

(4) NUMBER CF RCWS & COLUWMNS, This information
is needed for all array operations,

There are two possible ways in which these attributes can

be stored,
(i) As a table
(ii) As a tag which precedes the actuazl values in
the array.

The second form has been chosen. There are two reasons for
this choice.

(1) 411 the information required by the operation
is provided along with the operand. No extraneous
table lookups have to be performed.

(11) Using a table would require space allocation

for table entries. Since space allocation is not

done at the level of microcode, this option would

pose complex linkage problems between firmware and
software,
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2.1 TAGGED VARIABIES,

The instructions described below act on tagged variables,
consisting of a 8-Pyte tag preceding the actual values of the

array. The tag contains the following information.

l1--Maximum length allocated for the data structure.
This length includes the length of the tag.

2--Type. There are two types, TYPE=2 indicates integer,
TYPE=4 indicates real or flocating point.

3--Organization, There are two kinds of organization
possible, These are ORG=C indicating a vector, ORG=
indicating a matrix.

4L-_-The number of elements in a vector, (NEL). This
field also contains the number of rows (NROW) for a matrix.

5--The number of columns in a matrux. This field is always
set to one (1) for a vector.

The tag is followed by the set of values associated with

the array. (see section 5-1 for more details).
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2.2 NCTATICN:

The following notation will be used throughout the report.

If X

If X

-An object, (the operand of an instruction) is
indicated by a capital letter, A,B,C,...etc.

is an object,

Then BASE (X)-indicates the starting location of an
object X.

LN (X)- is the maximum allocated length for an object
X,

ORG (X)-is the organization of an object X.

TYPE (X)-is the type of an object, X.

NROW (X)-is the number of rows in a matrix, X.
NCCL(X)-is the number of columns in a matrix, X.

NEL(X)- 1is’ the number of elements in a vector X.
CH ( )- indicates "one of" the set within parenthesis.
cuniains address of a memory location then,

CN (X)-means contents of the memory location whose
address is given by X.

STOR{¥)-This always appears on the left-hand side
of an assignment. It means that the value on the
right-hand side is assigned to the location whose
address is given by X.
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where

They

2.4

tid
f

The instruction has the form

ADDSUB (A,R,C,C0F,RES)

A,B,C-are the beginning locations of three tagged variables.
contain absolute memory locations,

CF-is a switeh that selects between addition and subtraction.
CF=C indicates addition, OP=1 subtraction.

RES-is the result of the operation. If RES=(, then

normal termination is indicated. Ctherwise, an error has occured,

and RES contains a code giving the type of error.

The instruction checks for a number of error condition.

These are listed below.

Test

1--If CP#CH(C,1) 4 RES = 1,

2--Test for a valid tagged variable. This test will be
referred to as ISOBJ, and is performed for A and E. Only
the first part of this test, the length check, is performed
for C, If the object being tested is a valid object, then
the test returns a zero (0), Otherwise, it returns an error
code » C.

of addition (subtraction) compatible operands.
3a. If org (A) # org (B), return 2.

3b. Otherwise, if nrow (A) # nrow (B), or ncol (A) #
ncol (B), return 3.

Note that (3b) applies to vectors as well as matrices. In

the case of vectors, NROW is the same as NEL, and NCOL is always

set to 1,
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The type, and size of C is determined entirely by the type
of A and B.

The type of C is given by the following rules,

A B G
Float----- float--=-- float
Float--=-- fiXeeeeea- float
Fixee----- fiXemeeem- fix

In the case of mixed operands, conversion of the fixed-point
operand to floating-point occurs before addition/subtraction is
carried out. This conversion is done on an element-by-element
basis.,

The organization of C=0RZ (4) or ORG (B). The size of C
is equal to the size of the floating-point operand (in the case
of mixed or floating operand). It is equal to the fixed-point
operand for fixed point operands,

A final error check also occurs at this point,

If size (C) » Ln tCJ, then RES = 3 and Ln (C) is set to
the amount of space required. Thé user of the system has the
choice of reallocating and retrying the instruction.

The ccntents of C are;

Ci=hi$Bi i=1,-==== NEL (A), if 4 and B are vectors.
Ci,j=Ai, j#31,] | L [R— NRCW (4 )
FRY oo NCCL (4)

if A and B are matrices.
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2.4 SFECIFICATICN CF ISCBJ:

This test is performed as a part of most of the instructions
in thié'section. The test, ISCBJ for an object, X, consists

of the following steps.

*IL.ength check
a, If X £ C, return 11
b, If (base (X) + In (X)) > Upl, return 12,
c. If Ln (X) ¢ 0, return 13,

Base (4) is the starting location of the object X, Ln (X)
is the maximum space allocated to the object (see description of
tag). Upl is the uppér limit of memory on the INTERDATA.

*end length check.

#Type Check

d. Tf TYPE (X)#OH(fix, float) return 14,

*orgarization check

e, If OR3 (X) # OH(Vector, matrix) return 15.

f. If NEL (X) = C (or NROW (X) =0) or NCOL (X) = O,
then return 16. NEL and NROW occupy the same field.
The test applies to both vectors and matrices,
since for vectors NCOL (X)=1,

g. If (TYPE (X) * VROW (X) * NCOIL (X) + 8) 2 Ln (X),
then return 17.

If the actual array length is larger then the maximum
space allocated to the array, an error occurs. The array length

includes 8 bytes for the tag.
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2.5 ASSIGNMENT

The form of the instruction is.

ASSIZ™ (A,B,RES)

A,B-are location of tagged variable
RES-is tne result of the operation., A RES=( indicates normal

termination, and a RES » 0 indicates an error.

ERRCR CHECKING:

(1) Test for a valid object, ISCBJ, is performed for B.

If the test returns a value > 0, then RES is set to this value,
and an error exit occurs,

(2) The first part of the test ISOBJ (length check) is
performed for A, If the test returns a value > C, then RES is
set to this value, and an error exit occurs.

The result of the operation is to assign the type, size
and organization ¢f B to 4. If A is not large enough, then RES
is set to and error code of 2 and Ln (A) is set to the amount

required. An error exit occurs.
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2.6 INNER PRCDUCTS.

The form of the instruction is:
INPRCD (4,B,C,RES)

A and B are the location of tagged variables.

C--is the lccation of the result, If A and B are both
vectore, +then C is an untagged scalar locatioﬁ of size 4,
(i.e, large enough to hold either a fixed or floating-point
result). If either A or B are matrices, then C is a tagged array
location,

RES--is the result of the operétion. RES=0 indicates
normal termination. RES > C indicates an error.

The instruction checks for the following error conditions:

l--The test for a valid object is performed for
A and B, If the value returned by the test is C,
an error exit occurs, with RES set to the returned

value,

2--The LENGTH-CHECK part of ISCRJ 1is performed for
C if ORG(A)=matrix or ORG(B) = matrix,

Test for compatible operands
Case 1: '

if ORG(4)=vector and ORG(R)=matrix, then if NEL
(A)# NRow(E), return 1.

Case 11:

if ORG(A)=matrix and ORG(RB)=vector, then
if NCOL(A) # NEL(B), returr 2,

Case 1l11:

if ORG(A)=matrix and ORG(E)=matrix, then
if NCOL(A) # NRow(E), return 3.
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Case 1lV:

If CRz (A)=vector and ORG (B)=vector, then
if NROW (A)z NRCW (B), then return 4.3%

If none of Casesl-1V apply, return zero (C)

If the value returned is » 0, an error exit occurs and RES is
‘'set to the value returned,

The treatment of operands, and the type and size of C is
the same as in the case of ADDSUE,

The instruction obtains either the dot product of two
vectors,. the inner product of two matrices, or the product of
a vector and a matrix,

The treatment of operands, and the type and size of C is
handled in thesame way ag in ADDSUB, If C does not have

sufficient space allocated to it, ar error code is returned.

* T YT 2 nt
for a vector, NRCW is the number cof elements and NCCL
is 1. .
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III. HIGH-LEVEL ALGORITHMS

High-level algorithms are given for ADDSUB and the
routines called by it. The algorithms are given in a
PL/I-like language. Explanatory comments are given in
the text where required. An organization chart for ADDSUB

is also given.

"
?Anpsuaf
_ : z .
1! 7 v 7 1
. ISOBJ | (COMPAT | . SETTAG | MIX | .INTEG . FLOAT
i i - i i ooe :
| |
: | % _P
(CONVRT! = AERISER |  AER |SER

FIG. 1: ORGANIZATION DIAGRAM OF ADDSUB

However, note that all of the routines given in the
figure above do not appear as high-level algorithms. AER
& SER are user instructions for the INTERDATA. SETTAG &
CONVRT are so machine-dependent that they are given only

in microcode.
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3.2

ADDSUB: This routine adds or subtracts arrays whose

beginning addresses are given as its first three para-

meters--A,B, and C. The selection between addition and

subtraction is by means of the fourth parameter--OP. The

result indicated by the fifth parameter RES.
PROC ADDSUB (A, B, C, OP, RES):
*check for OP.

if OP#0 or 1 then do;

RES = 1:
Return:;
end;

*test to see if A is a valid object.

P=20;

Call ISOBJ (A,P);
if P # 0 then do;
RES = P;

Return;

end;

*if P=0, then the entire test is performed.
*only the length-check. The result is also
*P, If ‘P=0 on return, A is a valid object.

*test B

P=0;

Call ISOBJ (B,P);
If P # 0 then do;
RES=P;

Return;

end;

*test C. Only length-check.

P=1;

Call ISOBJ (C,P):
If P # 0 then do;
RES=P;

Return;

end;

Otherwise
returned in
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*test for Compatibility of operands for addition.

Call COMPAT (AIB.'R):
If R # 0 then do;
RES=R; :

Return;

end;

*Compat test for compatibility

AFL: If TYPE (A) = FLOAT then do:
=TYPE (A) * NROW (A) * NCOL (A);

*I, is the actual length required of C.
If L > Ln (C) then do;
RES=3;
Return;
end;

RES=@;
Call SETTAG (C,A);

ABFX: If TYPE (B) = FIX then do:;
P=1;
Call MIX (A,B,C,P);

*MIX performs mixed mode addition/subtraction
*p=]1 indicates that the first parameter is
*floating-point. P=2, the second parameter.

Return;
End;
Else do;

ABFL: Call FLOAT {(,B,C);
*Float performs floating=-point addition/subtraction.

Return;
End;

AFX: Else do;

=TYPE (B) * NROW (B) * NCOL (B) + 8;
If L > Ln (C) then do; '

RES=3;

Return;

End;
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RES=¢

Call SETTAG (C,B);

If TYPE (B) = FIX then do;
Call FIX (A,B,C):

End:;

Else do;

P=2;

Call MIX (A,B,C,P);
Return;

End;

End:
End ADDSUB;

PROC COMPAT (A,B,R);

*This procedure tests A and B for compatibility for
addition.

if ORG (A) # ORG (B) then do;

R=2;
Return;
End;

if NROW (A) # NROW (B) or NCOL (A) # NCOL (B) then do;

R=3;
Return;
End;

*This test applies to both vectors and matrices. In the
*case of vectors, NROW is the same as NEL and '
*NCOL is always 1.

R=0; Return;

End COMPAT;

The procedures MIX follows on the next page. This
procedure calls on INTERDATA floating-point addition
and subtraction routines by means of two special
locations-LOCAER and LOCSER. These locations contain
executable code, in the form of floating point addition
subtraction macro instructions. This can be loaded
into LOC and directly executed. This point is covered
in additional detail in Chapter 5.
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1V. MICRCFROZRAMNING FOR INTERDATA/85

This chapter provides a small tutorial on NMicroprogramming.
The purpose of this tutorial is to prepare the reader for reading
the code given in the next chapter.

Before reading this futorial, it is necessary tc review

the material given in the Model 80 Micro-instruction Reference

Fanual (4). 1In particular, it is necessary that the reader
review Fig. 2 and the description on page 4, which have been
reprcduced as Appendir¥ A of this report, (see also (5) and for a
discussion of assembly version of micro-instructions),.
Thé tutorial itself consists of three major parts:
--Register Usage.
--Nemory Control Options,
--Small examples.

--A method of adding new instructions to the
instructions set of the INTERDATA,

4,1 RECISTER USAGE

RR-is a Return Register. It is used to call subroutines, and
containe the Return Address, which is placed in RR by a BAL
instruction as follows:

BAL SUB (RR)

This instruction results in depositing the address of the
next fullword into RR, and then branches toc the location
(symbolically) given by SUE,

VR7 will 2lways be assigned as RR.



MAR-Memory Address Register. A data read (DR) results
in reading the contents of the location pointed to by MAR. The
value read is placed ir VDR (see below). WMAR is also usecd for
write operations, A data write (DW) results in writing the
contents of MDR into the lcocation pointed to by MAR,

NDR-NMemory Data Register, This holds the contents of the
last location read. Cn a data write, the location pointed to
by MAR receives the contents of ¥DR., WMDR is used in all transfers
to/from main memory.

LCC-The LOC register always points to the address of the
next machine instruction to be executed.

S bus, A bus, B bus--The S,A,B, busses contain the contents
of the registers whose rnames appear in the 5,A,E,fields of a
micro instruction (see page 4 of Refererce manual),

YD-The YD register is the register whose name appears in
the YD field (bits 12-;5) of the machine instruction being
executed. Thus a register need not be named explicitly. (See
pare 11 of Reference Manual),

FRC, FR2-These are the floating point registers of the
machine. They are actually implemented as fixed fullword locaticns
in memory.

1LOC C is FRO, LOC4 is FR2 etec,.

E flag-This flag is set to indicate the result of the last
arithmetic oreration, The only settings we will be concerned
with are:

G--Greater than zero
Z--Equal to zero

L--Less than zero
(see page 8 of Reference Manual).
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It should be noted that all of the registers described
above are all program addressable, and can be used in any way

by a user program,

L,2 NENMORY CCNTROLCPTICNS:

There are‘nﬁmbér of memory control options available with
RR Control instruction (see page 7 and 8 of Reference Manual),
They 2re summarised as bit patterns on Page 10 of Reference
¥anual, Their symbolic equivalents are given in the NMICROCODE
ASSEMBLER REFERENCE MANUAL., (5).

The options used are:

DR--reads the contents of location in memory pointed
to by MDR into MDR.

DR2--increments MAR by 2, and then does DR.

DW--writes the contents of MDR into location
(in memory) pointed to by MAR,

DW2--increments MAR by 2 and then does DW.

IR--An instruction read from location pointed to
by MAR and LOC. A fullword is read. The first halfword
is placed in IR (Instruction Register), the second halfword
in MDR.

IR4--Increments MAR,LOC by 4; and then does an IR,

D--Decode. Interprets the machine instruction in IR.

4.3 EXAMFLES:

Suppose that P,3,R are registers

C{F)=2001¢. C(200)=0002.
C(2)=4007¢. C(400)=0004,
C(R)=6003 . C(600)=0006.
then;
(a) L MAR,P,DR
Results in
MAR=200

VMDR=0002
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(b) A MAR,F,Q,DW
Results in

MDR=0002
VAR=200 + 400=6007¢.
C (600) = 0002

{e), S NULL,P,Q,E
BALL PI (RR)

NXT (next statement)

First S bus=P-3= -200.
E is set to LT &

The tranch is taken to PI. RR contains address of NXT, The

next micro instructiorn is taken from FI.

b4 ADDING NEW INSTRUCTIONS:

The instruction will be implemented by means of the ECS
machine instruction.
The ECS machine instruction has the form;

ECS R1, A (X5)
and appears in storage as;

0 7 11 15 31

[_OP code o R B & A
Fig. 2 The appearance of ECS in memory.
The instruction is executed as follows:

--The expression (BL+Rj)} is formed. BL is the beginning
1qcationrof writeable Control Store--which is available in a
Machine Control Register (MCR). Ry is the contents of bits
7-11.
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Thus 16 different location are addressable by setting R,
to different values, These contain a transfer vector which
transfers control to different emulation sequences of (extended)
machine instructions,
e.g. suppose the name of the Add/subtraction is ADDSUB.
Suppose location BL in Control Store contains:
BAL ADDSUB (RR)

and the machine instruction

\
ECS G X2 .A}

is executed.

Control would transfer to location BL+0=BL, The BAL
instruction would be executed, and control would go to ADDSUE,
In the actual microcode, the reference to ADDSUB in the BAL
instruction would, of course, be rerlaced by the zctual Control
Store Address of ADDSUB, (see (6) for a discussion of the ECS

instruction).
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V. N¥ICROCCDE

The microcode for implementing the high-level algorithms

in chapter TI1 is given. First, the data structures are described

from an implementation viewpoint. Then the code for sDDIUR zrd

each of its subroutines follow., The code is followed by verifi-

cation with input data.

5.1 DATA STRUCTURES IN VEVCRY:
'TATCED VARIAERIES
Fach tarsed variable consists of = tag followed by its
associzted values, The tag contzins the followirg information.
--L¥. The maximum space zlloczted for the variszbles.
This field is 2 BRvVTES
--0RZ, The organization of the variable, 1 BYTE.
-=-YRC%, The number of rows, 2 BYTES,
--NCCIL.. The number of columns, 2 EYTES,

This tag is followed by the vzlues of the array, Each
fixed-point entry takes 2 BYTES and each floating-point entry
takes 4 BYTES.

RSEV--a register save area, 20 bytes in length, Wicro
regicters are saved in this ares if required.

EXEC --This is an area, 16 bytes long which contains

executzble code. The contents of EXEC are:

i
H

EAERI o 2| RF?TURE‘-!' SER| 0 |2 ] RETURﬁ?i

Fig 3 The contents of EXFC



