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Summary

This report evaluates the ability of 16-bit microcomputers to implement a subset

of the programming language Concurrent Pascal. The first part of the report de-

scribes the most frequent virtual instructions and their implementation; the

second pa rt evaluate s the process switching time of various microprocessors.
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I
Summary

This report  def ines  a precise method for comparing microcomputer

instruction sets. Each microcomputer is judged by its a b i l i t y  to

interpret the virtual code generated by the Concurrent Pascal compiler.

The standard of comparison is the Concurrent Pascal interpreter for the

• PDP 11/I~5 minicomputer. This report identifies the most frequent

virtual instructions and their implementation on the PDP 11 /1~5 computer.

It then evaluates the speed and size of’ interpreters implemented on

various 16—bit microcomputers.
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1. I.N IIROD U CT I QPI

A new research project at USC seeks to develop a programming

methodology and machine architecture for concurrent programming on

microprocessor networks with distributed storage. The starting point of

this project is the programming language Concurrent Pascal implemented

on the PDP 11/145 min icompute r  [Br inch  Hansen , 19 77aJ .

The initial aim of the project is to evaluate existing

microcomputers and select one of them for a uniprocessor system with a

display terminal and a floppy disk. This microcomputer system will be

able to execute concurrent programs written in a subset of Concurrent

Pascal [Brinch Hansen , 1977bJ.

The Concurrent Pascal subset includes

processes , monitors , classes

routines , statements , expressions

enumerations , arrays , records , queues

terminal  and disk i n p u t / o u tput

It does not include reals and sets and cannot  execute  sequent ia l  Pascal

programs .

A concur ren t  program wil l  be compiled on a PDP 11/ 11 5 min icompute r

and transferred to a microcomputer via a floppy disk. The compiled code

consists of virtual instructions that will be executed by a machir.e

program called the interoreter. Such an interpreter already exists in

the PDP 11/115.

. .
- - - -  . ,-

~



MICROCOMPUTER E V A L U A T I O N :  INSTRUCTION SETS 2
INTRODUCTION

N .

Our initial goal is to compare the instruction sets, input/output

-~~~~ facilities , and prices of existing microcomputer systems. This report

concent ra tes  on the f i r s t  of’ these aspects: the efficiency of the

instruction sets.

Our primary goal is to use a microprocessor to implement an

abstract language for concurrent programming. Although the final

language chosen may differ from Concurrent Pascal in details it is

likely to hav e many things in common with it (among them processes ,

procedures , arrays , records , and enumeration types). The code generated

should therefore be quite similar to that of Concurrent Pascal.

It is therefore reasonable to use the Concurrent Pascal interpreter

for the PDP 11/i4 5 as a precise standard of comparison for the

instruction sets. This report identifies the most frequent virtual

instructions and the machine code that interprets them on the PDP 11/ 115

computer.

The report also defines the machine code needed to interpret the

same virtual instructions on various microcomputers . This is used to

estimate the absolute size and speeds of Concurrent Pascal interpreters

for these microcomputers.

Since our aim is to develop ii~~ microcomputer technology that will

~j~mDli.fv language implementation for non—trivial applications we will

ignore 8—bit microprocessors and concentrate on 16—bit orocessors.

~ 

‘.. . . ~~~~~~~~~~~~~~~~ . .
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MICROCOMPUTER EVALUATION: INSTRUCTION SETS 3
VIRTUAL MACHINE

~1,i 2. ViRTUAL MA CHINE

Since the virtual machine spends most of its tine executing

sequential statements within a process we will only describe the

sequential aspects of the virtual machine here. The virtual machine for

Concurrent Pascal is described in more detail elsewhere [Brinch Hansen ,

1977 a) .

In a microcomputer network each processor should perform a

reasonably simple task that does not require too much storage. We will

therefore assume that a virtual instruction potentially can address the

entire store of a single processor. Each processor can access its own

store only.

In a uniprocessor system the ~tore is divided into segments of’

fixed length

interpreter

- virtual code

process segment

process segment

The lengths of the virtual code and the process segments are determined

by the compiler . This is possible because a Concurrent Pascal program

consists of a fixed number of processes without recursive procedures.

Each process segment is organized as a stack that grows from high

towards low addresses. The storage of procedure parameters and

variables in the stack is shown below .

- 
. - - ?~~ ‘‘ .
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MICROCOMPUTER EVALUATION : INSTRUCTION SETS 14
VIRTUAL MACHINE

temporaries

variables

dynamic link

parameters

The store consists of 16—bit wards divided into 2 bytes each. Words are

addressed by even byte indices. An enumeration type (or an address) is

represented by a single word in the stack. Arrays and records are

represented by one or more words. A text string consists of an even

number of’ bytes.

A dynamic ~JJ~j~ of 5 words defines the state of the process prior to

a procedure call. The oarameters and variables are addressed by

positive and negative even disolacements relative to the dynamic link.

Temporary addresses computed in the stack are absolute within the whole

store.

A concurrent program can only access variables that are either

local to a procedure or global to a class , monitor , or process.

Procedures cannot be nested.

A concurrer’t. program is compiled into a single segment of virtual

code. Each virtual instruction consists of an operation code followed

by zero or more arguments. The operation codes and their arguments each

occupy one word. The virtual code refers to program labels and stack

variables by relative addresses only.

The Solo operating system for the PDP 11/ 11 5 computer is a typical

example of a non—trivial Concurrent Pascal program [Brinch Hansen ,

T T~~~. ._.I-• .• - -
. - . 
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MICROCOMPUTER EVALUATION: INSTRUCTION SETS 5
VIRTUAL MACHINE

1977a1. A dynamic analysis of the virtual code executed by the Soin

system shows that 9 kinds of virtual instructions account for 71 per

cent of all instructions executed.

virtual dynamic execution weighted code
instruction frequency time time piece

(~
) (usec) (usec) (words)

pushvariable 26 9 2.3 11

index 7 19 1.3 12

pushaddress 13 8 1.0 3

pushconstant 9 6 0.5 2

equalword 5 10 0.5 6

copyword 5 7 0.11 2

copybyte 14 7 0.3 2

enter 1 22 0.2 10

exit 1 15 0.2 8

71 6.7 ‘49

The execution time of’ a particular virtual instruction weighted by its

frequency of execution defines the contribution of that instruction to

the average instruction time. Since 71 per cent of all instructions

contribute 6.7 usec the averag~ instruction 
~~~~ 

on the PDP 11/ 11 5 is

6.7/0.71 = 9..~~ ~~~~~

The total length of the selected code pieces is 149 words. The

whole interpreter is about .1QQ.~. words long on the PDP 11/45.

We will choose these virtual instructions as being representative

of the 50 virtual instructions or so needed to implement the Concurrent 

—
~~~—~~~~~~~~~~~ -~~~~~~~~~~ -~~~~ A
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MICROCOMPUTER EVALUATION : INSTRUCTION SETS 6
VIRTUAL MACHINE

Pascal subset. This will be our basis for evaluating the speed and size

of interpreters on other machines .

3. ~QE 11/115 INTERPRETER

In implementing the C ricurrent Pascal subset , we will ignore the

address mapping of the POP 11/ 11 5 computer and view it as a 16—bit
$ machine that can address a store of 6’4 K bytes (or 32 K words). Words

are addressed by even (byte) addresses [Digital , 1975].

The machine has 8 word registers, that are used as follows by the

interpreter

w , x , y scratch registers used during the interpretation of a single

virtual instruction.

s the address of’ the stack top.

b , g the base address of the current local and global variables.

q the virtual program counter.

p the real program counter.

The virtual program counter q points to the next virtual instruction (or

one of its arguments). The real program counter p points to the machine

code that interprets the virtual instruction.

The interpreter code will be defined in Pascal—like notation so

that each line corresponds to one machine instruction. The store and

the registers are declared as follows:

ia~ byte: 
array [integer] ~~ integer;

w , x , y, b , g, q, s, p: integer;

- .
.~~ ~~~~~~~~~

r
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• M I C R O C O M P U T E R  E V A L U A T I O N : I N S T R U C T I O N  SETS 7
POP 11/ 11 5 INTERPRETER

p

Mos t of the t ime , however , we will refer to the store as an array of

words.

Among other things the store contains the v ir ’ ,~~ instructions.

Cons id er , for example , the virtual instructio l. that  pushes an

enumeration constant on the stack . This instruct i3n consists of two

words representing the operation pushconstant an-i a ccnst.ant value.

When this instruction is executed the virtual instruct~~ n counter q

points at the constant value :

q

~~~~~~~~~~~~onstant

Since the stack grows towards low addresses the interpreter first

decrements the stack top s by one word (2 bytes) and copies the constant

value from the virtual ccde to the stack. It then increments the

virtual program counter q by one word (2 bytes) to make it point at the

next operation code. All this is done by a single machine instruction

which can be defined as follows

s : —  2; word (s) :~ word(q); q :+ 2;

(An assignment such as S :— 2 is a short—hand for s :~ s — 2)

The inter preter cont ain s a ~~~~~ piece for each virtual instruction.

An operation table defines the starting addresses of the code pieces.

4,

.. 
-~~~~~~~ ~ :- , ~~~~~~~~~~~~~~~~~~ 

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

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



MICR OCOMPUTER EVALUATION : INSTRUCTION SETS 8
POP 11/ 11 5 INTERPRETER

oper ati on t a b l e

code piece

code piece

The operation codes are used as indices in the operation table to locate

the corresponding code pieces. When one code piece has been executed

the next piece is located as follows :

virtual code operation table code piece

q 
~
_Ioperatior

~ 
code [ ~~ code addressj 4 

The virtual program counter q points to the next operation code which in

turn is the absolute address of an entry in the operation table. The

selected entry in the operation table contains the address of the

corresponding code piece that will perform the operation.

So the next code piece is located by a doubly—ind irect jump

in s t r u c t ion

p := word(word(q)); q :+  2;

Each code piece ends with such a jump to the next code piece. This

single instruction is the only overhead of code interpretation on the

PDP 11/ 115 computer. This efficient form of code interpretation is

called threaded ~~~~ [Bell , 1 973 ] .

The purpose of the operation table is to enable the compiler to

genera te f~J~~ operation les that are independent of any modifications

to the code pieces. The only requirement is that the table must. start

L~.:~~_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
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MICROCOMPUTER EVALUATION : INSTRUCTION SETS Y
r PDP 11/45 INTERPRETER

at a fixed absolute address.

The general notation used to define a code piece is illustrate d

below :

pushconstant(value) :

s : —  2; word(s) :~ word( q); q :÷ 2;

next ;

It def ines the name and arg uments of th e v irtual instruc tion and th e

code that interprets it. Each line corresponds to one machine

instruction. The instruction ~~~~~~~~~ is the indirect jump defined earlier.

The rest of the selected code pieces are defined below.

The virtual instruction pushaddress ddds the displacement of a

var iab le  to th e loca l base ad d ress b an d pushes the resulting absolute

address on the st ack :

pushaddress(disp l):

s : —  2; word(s) :~ b;

word(s) :+  word(q); q :+ 2;

nex t ;

When this code pi ece is execu ted t he v ir t ua l ins truct ion c o u n t e r  q

po ints to its argument (the displacement). This is a general rule

because t he jump to th e ~~~~~~ , code piece increments q as soon as it nas

used the operation code as a table index.

The instruction ou~ hvar&able computes the absolute address of an

enumera t ion var iab le and pus hes the value of t he var iab le on t he stac k :

.: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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MICROCOMPUTER EVALUATION : INSTRUCTION SETS 10
PDP 11/145 INTERPRETER

pushvariable(displ):

w :=  b;

w :+ word(q); q :÷ 2;

s : —  2; word(s) :~ word(w);

n e x t  
- —

The instruction copyword assigns the value stored in the top of the

stack to the  e n u m e r a t ion var iabl e w hose a d d ress i~~ stor-e’d below the top

of the stack. The address and the value of’ the variable are popped from

the stack :

copyword :

word (wor d (s + 2 ) )  :~ word(s); s :+  4 ;

next;

The instruction copybyte assigns the rightmost byte stored in tne

top of t he stac k to t he b y t e  var iab le whose ad d ress is store d bel ow tne

top of the stack. The address and the value of the variable are tneri

popped from the stack:

copybyte:

byte(wor d(s + 2)) := byte(s) ; s :+  14;

next ;

This instruction is included because the processing of text strings is a

fairly frequent case that is awkward to handle on some 16—bit

m icroprocessors.

The instruction ecualword compares two words iri the top of tne

stack and replaces them with a boolean value ( 1 or 0) defining ~ri.~th~ r

or not  th ey ~re e qu al:

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— - -.

.

.
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MICROCOMPUTER EVALUATION: INSTRUCTION SETS 1 1
PDP 11/ 14 5 INTERPRETER

equalword :

word(s) compare word(s + 2); s :+ 2;

j~ e q u a l  ~~~~jj

w :+ 1 ;

wor d (s )  :: w;

next

Tne comparison instruction sets a condition register which can be tested

only (but not stored directly). The testing is done by a skip

instruction followed by an increment instruction. This is described

here by an jJ statement of two lines.

The index instruction assumes that the stack already contains the

absolute address of an array variable and i.he value of an index into the

array. The instruction checks that the index i is within a fixed range

(mm 
~~. 

i < max) and replaces the array address ~A and the index i by the

address of the array element A(i) computed as follows :

~A ( i ) ~A + (i — m m )  * length (where length is the number of bytes

per a r r a y  e lemen t ) :
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MICROCOMPUTER EVALUATION: INSTRUCTION SETS 12
r PDP 11/14 5 INTERPRETER
N

index (m in , max —mm , leng th ) :

x :~ w o r d ( s ) ;  s :+ 2;

x : —  word(q); q :+ 2;

,jJ less ~j~~j

g,Q~~ rangeerror;

x comp are w o r d ( q ) ;  q :+ 2 ;

~~ grea t e r  ~jj~j~
g~~~ r a n g e e r r o r ;

x :* w o r d ( q ) ;  q :+  2;

wor d ( s )  :+ x ;

next;

Enter is the first instruction executed within a procedure. It

assumes that the stac k alread y conta ins t he parameters and return

~~dress (o ld q ) of t he ca ll

s_
~
*IL

old_ q

parameters

The instruction allocates stack space for the dynamic link and the

variables of the procedure call

p.- -~----— - —

~~~~ -___s — —
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MICROCOMPUTER EVALUATION : INSTRUCTION SETS 13
PDP 11/ 11 5 INTERPRETER

T
var iables varlength

I
b— ~~~l ine no

old s T
ol d b

o ld g po pl en g t h

ol d q 
_____

par amete r s  

• en te r(n o t u s e d , poplength , l ineno , varlength):

q : +2 ;

s : —  2; word(s) := g;

s : —  2; word(s) :~ b;

s : — 2;

word(s) :: s;

word(s) : +  word(q) ; q :+ 2;

s : —  2; word(s) :~ word( q); q :+ 2;

b := 5 ;

5 — word( q); q :+  2;

next ;

The unused argument is irrelevant in the Concurrent Pascal subset.

~~~~ is the last instruction executed within a procedure. It

removes the local variables , the dynamic link , and the parame ters of the

procedure call froln the stack and reestablishes the previous values of

the registers from the dynamic Link :

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ . , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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POP 11/45 INTERPRETER

exit:

s :~ b ;

s : + 2 ;

w :~ word(s); s :+ 2;

b :~ wor d(s); s :+ 2;

g :: word(s): s :+ 2;

q :: word(s); s :+ 2;

nex t;

‘4 . IMPLEMENTATION COi(STRAIWTS

Since Concurrent Pascal originally was implemented on the POP 11/45

the virtual code is somewhat biased by the general features of that

machine (although it does not reflect any of its details).

In evaluating other machines it therefore makes sense to give the

implementor some freedom to modify the virtual code slightly to use

these machines efficiently. There .irc , however , ver y goo d reasons fo r

limiting trils freedom . .3in~ e t.ne Long— term goal of this project is to

invent simpler com pu t3r architectures an obsession with the

peculiarities of existing m ichines woul i only distract us from that

goal. Furtnermore , it is essential to use the existing Concurrent

Pascal compiler wito as few changes as possible to limit the initial

effor t.
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MICROCOMPUTER EVALUATION: INSTRUCTION SETS 15
IMPLEMENTATION CONSTRAINTS

With these conflicting goals in mind we have established the

following constraint’s on the implementation of interpreters on

microcomputers: /

The following will 
~~~ 

change from one machine to another

The word length (16 bits)

The forma t and size of the virtual instructions

The format and size of var iabl es
P’S The structure and direc tion of t he stac k

The following ~~~ be change d:

The operation codes (as long as they are fixed)

The encoding of byte addresses in the virtual code and the stack

The table , reg isters , and machine code used to implement the

interpreter.

The changes must only requ ire mo di f ication s to t he last pass of the

compiler . 

~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~ ‘-5,- — . - -
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MICROCOMPUTER EVALUATION: INSTRUCTION SETS 16
GA 16/ 1 10 MICROCOMPUTER

r

5. Q~, 16/110 MLCROCOMPUTER

5. 1 Machine Properties

The Genera l Automation 16/110 and 16/220 computers are single board

LSI m icrocomputers. The machines are similar and will be treated

together. There are 7 registers: 3 accumulators , 3 index registers , and

a base register. There are two separate sets of registers , but  on ly one
• set is access ible at a time , so this feature will be ignored. In

absolute addressing mode the first 32 words of’ memory can be accessed.

~~direct addressing and indexing may be used with this mode. In based

mode an offset in the range 0 to 31 may be added to the contents of the

base register to determine the address . This too may be used with

indirect and indexed addressing. Some instructions allow program

counter relative addressing, and others allow immediate operands.

Addresses are usually word addresses. They are either 15 or 16 bits in

length , de pending on a bit in the machine state. Two machine

instructions use byte addresses , in which the least significant address

bit is used to select a byte and the rest is used as a word address.

The byte addressing within a word is the opposite of the POP u s .

- . 5.2 Interpreter Implementation

A ll displacements and increments will be in words. Addresses

stored in the stack will generally be word addresses , except that the

address of .a character within a string is a byte address.

‘-
~.. 1I ’~~~ ~~~~ ;: ~~~~~~~~~~~~~~~~~~~~~ - --- . - -~~~~~~~ — -- - - -



MICROCOMPUTER EVALUATION: INSTRUCTION SETS 17
GA 16/110 MICROCOMPUTER

The Concurrent Pascal machine registers will be allocated as

follows:

x , y accumula tors

s , w index regis te rs

b , g low memory (locations 0 to 31)

q base reg ister

The transfer operat ion ~~~ uses the technique of treaded code.

Eac h v ir tua l in s t r u c t i o n  conta ins an absolu te address in t he opera tion

table. The next operation is

x:  = w o r d ( w o r d ( q ) ) ;

q:+1-~

p: =x;

This sequence takes 8.2 usec .

. 5 $ The following describes the code pieces for the nine most frequent

virtual instructions.

p u s h c o n s t a n t ( v a l u e ) :
x: =word(q);
q:+1;
s:— 1 ;
w o r d ( s ) : = x ;
nex t ;

• pushaddress (d is pl ) :
x::word(q);
q:+1 ;

w o r d ( s ) : : x ;
nex t ;

—. —~~~~fl:a ~~5,r .,- ~~~ 
— —,-----—--- -5—— 
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GA 16/ 110 MICROCOMPUTER

pushv a r i a bl e ( d i s p l) :
x : = w o r d ( q ) ;
q:+1;
w:=b;

x : = w o r d ( w ) ;

word(s):=x;
next ;

c o p y w o r d :
x :=word (s);
s:+ 1 ;
w::word(s);
s:+ 1 ;
word(w) :=x ;
nex t;

• The exc lus ive or ins truc t ion in t he fo l low in g co de p iece changes a PD P

11 byte index to a GA 16/110 byte index.

copybyte :
x : ~word( s);s:+1;
w: =word ( s);
s:+1;
w:  xor 1 ;
byte(w):=right(x);
next;

.
5 

The j~ s t a t ement  in t he follow ing code pi ece is a cond itiona l  j u m p

instruction . The compare instruction sets indicators for the test.

equa lwor d :

x:~ word (s);
s:+ 1;
x compare word(s);

• j.C equal  ~~~
word(s) : =w ;
next ;

—

~ 

~~~~~~~~~~ —.— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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r 
In the next code piece , the length parameter is the length in words

exc ept for character arrays. In this case it is zero and a byte address

is computed.

index(rnin ,max—m in ,length):
p ..- y:~~word(s);

s:+1;
x :~~word( q);

y:—x;
if x < 0 X~fl~.n ~~~~~~ err;
y compare word(q);
jJ greater ~~~ fl gQ.t~Q err;

w::word(s);
x ::word(q);
q:+ 1;

-

• 
if x 0 ~~~~ ~~~~ A ;
y:*x;

A:  w :*2;
B: y:+w ;

word(s): ~y;
nex t;

err: g~~~ rangeerror ;

enter(notused ,poplength ,lineno ,varlength):
q:+1;
s:— i;
x :~~g;
word(s) :=x;
s:— 1 ;
x: = b;
word(s):
s:— 1
x ::word(q);
q :-i-1 ;
x :+s ;
word(s):=x;
s:— i;
x :~~word(q);

word(s):~~x;
b: =s;
x:=word( q);

s: —x;
n e x t ;

- -
-~ 

~~~~~~ 
• )‘ . - . .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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exit:

s:=wor d(w+1);
x : = w o r d ( w + 2 ) ;
b : = x ;
x :~ word(w+3);
g:  ~x;
q:=word (w+4);
next ;

5.3 Performance

The execution times and space requirements are summarized below .

virtual execution weighted size
instruction t ime time (words)

(u s ec )  (u s e c )

pushvariable 26.2 6.8 10

index 48.2 3.11 22

pushaddre ss 2 3 .6  3 . 1  9

pushconstant 18.9 1.7 7

equalword 26.6 1.3 10

copyword 21.5 1.1 8

copybyte 2’4.6 1.0 9

enter 60.7 .6 23

exit 27.2 .3  10

19.3 108

Average instruction time : 27.2 usec.

I~,.

— r__ __5, t t t t V .  s~
__._t_iZ. rrs .~ .ar 5,~~ S_S —
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p

ô .  ~~, 11 MICBOCOMP~I~E.
IS

The LSI 1 1 is a microcomputer version of the POP 11 minicomputer.

It uses the same basic instructions as the POP 11/45. The differences

do not affect the code pieces of the interpreter. Thus only the speeds

of the machines differ. The execution times and space requirements are

summarized below .

virtual execution weighted size
instruction time time (words)

• (usec) (usec)

pushvariab le 24.2 6.3 4

index 77.4 5.4 12

pushaddre ss 22.0 2.9 3

pushconstant . 13.6 1.2 2

equalword 29.8 1.5 6

copyword 13.0 .6 2

copy byte 13.0 .5 2

enter 54.6 .5 10

ex it 39.9 .4 8

19.3 149

Ave rage instruction time: 27.2 usec.

- 
. . 

-
~~
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7. N i V A  ~I~~1R Q C O M P U T ~~R

1~

7 .1 5-I .achine Properties

/
Tne NUV A computer family is a range of 16 bit processors , including

i s i n g i~ ch ip  m i c r o p r o c e s s o r .  All ~xecute the same basic instruction

s.~r.. m e  macn ine has 14 registers , 2 of which may be used as index

registers. Arithmetic can only be done between register pairs. The

• sLac,< cperations PUSH and POP are included in the instruction set , but

ttie stack grows in the opposite dir~ection from the Concurrent Pascal

stacK and is therefore is not used for ~ur purposes. The addressing

modes of interest are direct and based. In the direct mode the

instruction can directly access a word with memory address 0—255. In

based mode an offset in the range — 128 to 127 is added to the contents

of one of the index registers to determine the memory address. Indirect

addressing may be specifie d in addition to each of these modes.

&~~o—i ncrement locations , memory words 16— 23, are incremented

automatically after serving as indirect addresses. All addresses are 15

bit word addresses.

7.2 Interpreter Implementation

All displacements and increments will be in words. A variable

address stored in the stack is usually an absolute word address. The

only exception is the address of a character within a string. This is a

byte address which will be interpreted by one of the instructions

~~~~~~~~ or ~~~~~~~~~~~~~~~~~~~~

L ~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~ . .  ~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The Concurrent Pascal registers will be allocated as follows:

x , y registers

w , a index registers

5, b , g low memory (below 255)

q auto— increment memory (16— 23)

The transfer operation ~~~~~~~~~ uses .~~ mo-jified form of threaded code.

Each code piece finishes by jurnp in~ to the next virtual instruction ,

p which jumps to the next code piece. An operation table in low memory

contains the absolute address of all code pieces. So tri e ;~cJx~ operation

is

p:=q; q:+1 ;

and the virtual instruction is

p:~~word(addr)

where addr is a fixed address in the operation table. The whole

sequence takes about 9 usec .

The following describes the code pieces for the nine most frequent

virtual instructions.

: pushconstant(va lue):
x :~~word(q); q:+ 1 ;s : - . i ;
word(s): =x ;
nex t;

--5- 
- __________________________
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pushaddress(displ):
x:=word(q); q:+1 ;

- - I  y:=b;
y : + x ;
s:— 1
word(s) := y;
nex t ;

pushvariable(displ):
x:=word (q); q:+1 ;

p’S
w : + x ;
x :~~word(w);
s:— 1 ;
wor d ( s ) :~~x;
nex t;

copyword:
x :~~word(s);

w :=word(s);
s:+1;
word(w) :~~x;
next;

The c register used in the following code piece is a one bit register.

The if statements are conditional skip instructions. An octal constant

#177400 is a byte mask and is stored in low memory.

copybyte:
x:~~word(s);
s:+ 1 ;
y : :word(s);
s:+1;
w :~ y div 2; o:~ y mod 2;
y : ~word(w);
j,~ c 1 ~~~~swap bytes in y;
z:~~# 177400;
y: and z;

11 C 1 ~tl~.flswap bytes in y;
word(w) : =y;
n e x t ;

_________________ 
j
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pI
’

equalword :
- . ., w:~~O;

x::word(s);
s:-÷1;

- I  y::word(s);
~~ x y ~

)
~

çj

word(s):~ w;
next;

In the following code piece the length argument is the length in words.

For character strings the length will be zero. A byte address is formed

• by concatenating a low order bit to the word address.

index(min ,max—m in ,length):
y:~~word(s);
s:+1 ;
x:=word(q); q:+1;

g.~~~ rangeerror;
w :~~word(q); q:+1 ;,i~ y > w ,tdi~ngQ~Q rangeerror;w :~ word(s);
x :~~word(q); q:+1 ;
if x = 0 then

w : *2;
if x > 1 then

y : +w;
word(s) :=y;
next;
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r
en t e r ( n o tused ,popleng th ,l ineno ,varlength):

- ~
- q:+1 ;

s:— 1;
~ “~ x : = g ;

word(s):=x;
~ ‘

. . s:— 1 ;
x : = b ;
word(s): :x;

‘ s : — i ;
x : = S ;
y:=word(q); q:+1 ;

w o r d ( s ) : = x ;
s:— 1;
x :=word(q); q:+1 ;
word(s):=x;

• x : = s ;
- - b : : x ;

y:=word(q); q:+1 ;
x : — y ;

next;

ex it:
w :=b;
x:=wor d(w+1);
5 : = x ;
x:=wor d (w+2);
b : = x ;
x:=wor d(w+3);
g :=X ;
x:=wor d(w÷14);
q: ~x ;

- n e x t ;

7 . 3  Per fo rm ance

The execution times and space requirements are summarized below.

- 
.

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

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~ . .~~~~~~
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virtual execution weighted size
instruct ion time t ime (words )

(usec ) (usec )

pushvariable 30.11 7.9 7

index * 57 . 4  4 .0 1 8

pushaddress 27.5 3 .6  6

pushconstant 22.2 2.0 14

equalword 31.9 1.6 8

copyword 27.5 1.4 6

• copybyte 50.1 2.0 15

enter 79.1 .8 21

exi t  314 . 8  . 3  10

23 .6 95

*Time given is for character string access . Others require 96.3 usec .

Average instruction time: 33.2 usec.

- - - s 
~~~,
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r

8. EAc.~ MI CRO COMP U T~FPSR
I;

8 . 1  Machine Properties

The National Semiconductor PACE is a s ingle chip 16 bit

microprocessor. It has 11 accumulators , two of which may also be used as

index registers.  There are f ive  addressing modes of in te res t .  Direct

addressing allows any word in low memory (addresses 0 to 2 5 5)  to be

accessed. Direct  indexed , addressing forms the e f f ec t i ve  address by

adding a displacement in the range — 1 2 8  to 127 to an index reg is te r .

Indirect  addressing can be used w i t h  these  modes to give indi re~~ and

indirect indexed addressing . If ind i rec t  addressing is used , the source

or destination register must be accumulator 0.  Some instructions allow

program counter relative instructions (jumps), and others provide

immediate 8 bit operands. The PACE includes stack instructions but the

stack holds a maximum of 10 elements and thus does not satisfy our

requirements. All addressing is by word .

8 . 2  Interpreter Implementation

Al]. displacements and increments will be by words. A variable

address stored in the stack is usually a word address. The only

exception is the address of a character within a string . This is a byte

address which will be interpreted by oushbvte and coovbvte .

- ~r;~
e V ) . / .

~~.: 
•

.

- 5 —  

-5— —,- 
-t.-- - ,_. — 

~~~~~rn~——— ._.



--

.- . . - - . ‘- i. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MICROCOMPUTER EVALUATION: INSTRUCTION SETS 29
PACE MICROCOMPUTER

The Concurrent Pascal machine registers will be allocated as

follows:

x register 0
‘p 

y register 1

w , s reg isters 2 and 3, which are index registers

b , g ,  q low memory

The transfe r operation j~~~ jumps from the end of a code piece to

the next v i r tual  instruct ion , which jumps to the next code piece.  The q
-
. register is incremented as the first operation of each code piece. So

the ~~~~ operat ion cons ists of the ste ps:

p::q;

p:=word(addr);

and q:+ 1 ;

Here addr is a f ixed address in the operat ion table , which is stored in

low memory. - The whole sequence , which will be written simply ~~~~
takes 10.5 usec.

The following describes the code pieces for the nine most frequent

virtual instructions.

pushconstant(va lue) :
s : — i ;
x : : w o r d ( q ) ;

word (s ) :  =x;
nex t ;

~~~~~~~~~

— • .-- -5--. . 
-
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p.-
-* pushaddress(displ):

x :zword(q);
q:+ 1 ;
x : + b ;
s:— 1 ;
word(s ):=x;
nex t ;

pushvar iable( displ ) :
x:=word(q);
q:+1;

s : — i ;

• x:=word(w);
w o r d ( s ) : = x ;
next ;

cop yword:
x :=wor d(s);
s : + 1 ;
w:=word(s);
s:+ 1 ;
word(w)::x;
nex t ;

The following co de piece uses a one bit register c , which can be tested

F ‘ - 
by a conditional branch instruction . The octal constant #177600 is used

as a mask.

copybyte:
y::word(s);
s : + 1 ;
w:=word(s);
s:#1;
w: d iv 2; c:= w mod 2;
x : = w o r d ( w ) ;

1 ~~~~~~~~~• x :  and # 1 7 7 6 0 0 ;

A: swap bytes in x ;
x :  and #1 77600
y : ÷ x ;
swap bytes in y;

B: w o r d ( w ) : = y ;
nex t ;

~~~~~~~~~~~~~~ s :  
- F
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The fol lowing code piece uses exclusive or (xor) to test for equality

since subtraction is not available.

equalword :
w: = 1 ;

-~ y:=word(s); - 
-

x: :word(s );
x :  xor y ;
,kL: X <>  0 

~11~Iiw :=O ;
word(s)::w ;
nex t;

In the following code piece a comment notes the lack of a multiplication

instruction . Multiplication must be done by software.

index(min ,m ax—nin ,length) :
y:=word(s);

x :=word(q);
q: -s-1 ;
x : = — x ;

- .1 ~L x < 0 ~AI~Ii &Q~& er r ;
y : = x ;
x :=word( q);

- . q:+1 ;
x : = — x ;

x > 0 ~U1~.n ~~~~~ err;w:=word(s);
• x :=word (q) ;
• q:+ 1; S

• f  x 0 ~j l~.n ~ 2•~& A ;
“ mult iply y: *x ~
~~~~~ 

B;
A: .w : *2;
B: w:+y ;

word(s):
next ;

err: g
~~~ 

rangeerror ;
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ent e r (no tuse d , p o ple n g t h ,l ineno ,var len gt h ) :

s:— 1 ;
x : =g;
word(s):=x;
s : — 1 ;
x ::b;
w o r d ( s ) : = x ;
s:— 1 ;
x : = w o r d ( q ) ;

w o r d ( s ) : = x ;
• s : — i ;

x:=word( q);

• q:+1;
w o r d ( s ) := x ;
b:=s;
w:=word(q);
q:+1;

next ;

e x i t :

s:=word(w+ 1);
x : = w o r d ( w + 2 ) ;
b: =x;

- • 
x:=word(w+3);
g : = x ;
x : :w o r d ( w + 14 );
q : =x;
n e x t ;

• 8 .3  Performance

The execu t ion  t imes  and space r e q u i r e m e n t s  are s u m m a r i z e d  b e l o w .

= 
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r

v irtual execution weighted size
ins truc tion t ime t ime ( w o r d s)

(usec) (usec)

pushvariab le 33.6 8.7 9

index * 80.5 5.6 24

pushaddress 28.0 3.6 7

pushconstant 25.2 2.3 6
‘p 

.

equalword 314.3 1.7 10

copywor d 25.9 1.3 7

• copybyte 51. 1 2.0 17

enter 81.9 .8 23

exit 32.9 .3 10

26.3 11 3

* Time and space for multiplication not included .

Average instruction tine: 37.0 usec .

- 
“
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9. ç.~, LLS.~ kLIQ MICROCOMPUTER

9.1 Machine Properties
•1.

The Computer Automa tion LSI ~4/1O computer is a single board LSI

m icroprocessor. It has 2 accumulators and 2 index registers. There are

four relevant addressing modes . ShQrt abso lu t e  addres s ing  accesses a

wor d in me m or y loca t ions 0 to 63. To t h i s  may be added the c o n t e n t s  of

one or both index registers. J~~a& absolute addressing allows any

address to be selected , modified by one or both index registers. Long

address ing mode requires two word instructions. Some instructions are

ava ilable in long or short form only . Short indirect addressing finds

the memory address in low memory (locations 0 to 63). Relative

address ing is used for program counter relative jump instructions.

Addresses are either (1) fifteen bit word addresses ; (2) sixteen bit

word addresses; or ( 3 )  s i x t e e n  b i t  b y t e  add re s se s .  Two b i t s  in the

machine state determine the addressing currently in effect. Byte

a d d r e s s i n g  w i t h i n  a word is oppos i t e  of the POP 11. This machine has a

stack , bu t there are no instruct ions for pushing or pop ping indiv idual

items , so it is unsuitable for our purposes and is not used.

9.2 Interpreter Implementation

All displacements and increments will be words. The machine state

will normally specify word addressing . A variable stored in the stack

is normal ly  a word address except  when it refers to a character in a

s t r in g ,  in which case it is a byte address. The oushbvte and coovbvte

~~~~~~ ~~~~~~~~~~~~~ . . _~~~~~ .- .~ : ‘ ~~~~
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instructions temporarily change the state to byte addressing.

Concurrent Pascal registers are allocated as follows

x , y accum ulators

s, w index re gisters
• b , g, q low memory

The transfe r operator ~~~~ uses the technique of threaded code. The

operation is

w:=word(wo rd (q));

q:+1 ;

p : =w ;

This sequence takes 19.7 usec.

The following describes the code pieces for the nine most frequent

v irtual instructions.

pushcons tant (va lue) :
x:=wor d(q);
q:+1 ;
s:— 1;
word(s): =x ;
next;

• pushaddress(displ):
x:=word( q);
q:+1;
x : +b;
s:— 1;
word(s):
nex t;

- _ 
1• 

~~ ~~~~~~ - - —---
.
~~~~~~~~~~~~~~ 
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-. 
pushvariable(disp]j:

w:=wor d(q);
q:÷ 1 ;

• w :+b;
x::word(w);

‘p
’
. s:— 1 ;

- . wor d(s):=x;
- 

‘
5 next ;

copyword :
x:  =word (  s ) ;

w ::word(s);
s:+1;
word(w)::x;
next ;

The exclusive or instruction in the following code piece is used to

change a LSI 14/10 byte index into a POP 1 1 byte index.

copybyte:
x:  =word(  s ) ;
5: +1;
w:=wor d(s)
s:÷1
w: xor 1;
change to byte mode ;
byte(w): =right(x) ;
change to word mode ;
next;

The statement in the following code piece is a conditional jump

instruction.

equalword :
y: =0;
x:  =word( s);

x : —word(s);
~~~~~ 

x 0 ~ii~ny :#1
word(s):
next;

-: -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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index(min ,m ax— m in ,length):
y ::word(s);

15

y :—word (q);
4 : 4 ’ ;

11 y < 0 ~~~ ~~~~~t Q  err;
x :=word(q);

~
j x > 0 ~J1~fl g.Qt.Q err;x : : w o r d ( s )
w :=wor d(q);
.~.i 

w <> 0 ~~~ g.~~~ A;

y:+x;

A: y: *wor d(q).+x;
B: q:÷ 1 ;

wor d(s): =y;
• next;

err: 
~~~~ 

rangeerr or;

enter(notused ,poplength ,lineno ,var length) :

s : — i ;

word(s): =x;
s:— 1;
x:  =b;
word(s): =x;
s:— 1 ;
x:=wor d(q);
q:+1;
x : ÷s;
word(s) :=x;
s:— 1 ;
x:=word(q);

word(s):=x;
b: =s;
s:—wor d(q);
q:+1;
nex t ;

55~~~~l. -5~~ 55 ~~~~~~~ 55 
— —-
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exit:
w:=b ;

c s :=word(w+1);
x:=word(w+2) ;
b : = x ;
x: .word(w+3);

x :=word(w+4);
s: q : = x ;
• next;

9.3 Performance

• The execution time s and space requirements are summarized below.

v irtua l execu tion we ighted size
instruct ion t ime t ime (wor d s)

(usec) (usec)

pushvariable 46.1 12.0 9

index 106.9 7.5 22

pushaddress 42.14 5.5 8

pushconstant 38.6 3.5 7

equalword 146.0 2.3 10

S copywor d 39.6 2.0 8

copybyte 57.8 2.3 11

enter 116.2 1.2 22

exi t  5 1 . 9  . 5  11

36.8 108 
—

Average instruction time: 51.8 usec.
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10. Ii ~~~~QQ. 
MICROCOMPUTER

10.1 Machine Properties

• The Texas Instruments 9900 microcomputer is a single chip

• m icroprocessor compatible with a family of minicomputers. The machine

has 16 general purpose registers , which are implemented in main memory.

A worksoace pointer contains the address of the register block. The

register mode spec ifies that the operand is in a register. The register

indirect mode specifies that the address is in a register. Register

indirect auto— increment mode specifies that the address in in a

register , and that the register is to be incremented after it is used.

Some instructions use other modes , suc h as program counter relat ive

jumps. Addresses are byte addresses , and eac h instruct ion spec if ies

whether it operates on byte or word data.

- - 
10.2 Inter preter Implementation

The Concurrent Pascal registers are all allocated in general

reg isters. Addressing is identical to that on the PDP 11. The transfer

• operator ~~~~ implements threaded code , as on the PDP 11. The operation

table may be located anywhere in memory , and t he v irt ual instruct ions

conta in absolute address of entries in this table. The ~~~~~~~~~~ operat ion

is:

x:=word(q); q:+2 ;
p: ~word(x);

This takes approximately 17 usec.

L~~
•- - -
~ : T : : : ’ .:- -

~~ ;. .- — ~~~~- 
—

~~~~~~~~~~~~ -~~~~~~~~~~~ - - - -
~~~~~ - 
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r

The following describes the code pieces for the nine most frequent

v i r t u a l  i n s t r u c t i o n s .

r ~~

“

-.

w o r d ( s ) := w o r d ( q ) ;  q : + 2 ;
n e x t ;

p u s h a d d r e ss( d i s pl ) :
x:=word(q); q:+2;
s : — 2 ;

w o r d ( s ) := x ;
- ‘

• n e x t ;

p u s h v a r i a ble ( d i s pl ) :
x:=word(q); q:+2 ;

- • x : + b ;
s : — 2 ;

• w o r d ( s ) :  =word (  x ) ;
n e x t ;

copyword :
x::word(s); s:+2;
y:=word(s) ; s:+2;

• word(y):=x ;
n e x t ;

copyby te :
x:=word(s); s:+2 ;

• y:=word(s); s:÷2;
byte(y):=right(x);
n e x t ;

The j~ statement in the following code piece is a conditional skip

i n s t ruc t ion .

‘5.-
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equalword:
w:= 0;
word(s) compare word(s+2); s:+2 ;
j~~ x = y ~~J~~~

word (s):=w ;
-~ next ;

index(m in,max—m in ,lengt h ):
x:=word(s); s:+2;
x:—word(q); q:+2 ;
j~ x < 0 XJi~.n ~~~~ err;
x compare word(q); q:+2 ;
iL greater .fl~Jl g~~~ 

err
• x:*word(q); q:+2 ;

w o r d ( s ) :+ x ;
• n e x t ;

err: AQt~Qrangeerror ;

enter(notused ,poplength ,lineno ,varlength):
q : +2;
s : —2;
w o r d ( s ) :  =g ;
s : —2;
word(s):=b;

w o r d ( s ) :  = s ;
word(s):+word(q); q:+2;

w o r d ( s ) : :w o r d ( q ) ;  q : + 2 ;
b: :5;
s:—word(q) ; q:+2;

- 
n e x t ;

e x i t :
s : :b;

w::word(s); s:+2;
b::word (s); s:+2;
g:=word(s); s:+2;
q:=word(s); s:+2;
s : = w ;
n e x t ;

- - -~~~:‘~~~
‘

-



- - - 5 —, - .  ~~- - --,- .-,—-,.———----.- -. 5 5 - 5 — — - - •~~.-55—— —-5—-5 .-S - - - —--- -.- - .- -55

MICROCOMPUTER EVALUATION : INSTRUCTI ON SETS 42
TI 9900 MICROCOMPUTER

10.3  Performance

-
~~~~ 

- The execut ion times and space requirements are summarized below.

virtual execution weighted size
i n s t ruc t ion  t ime t ime ( w o r d s )

(usec)  ( u s e c )

pushvar iab le  5 2 . 7  13 .7  6

index 9 2 . 7  6 . 5  11

pushaddress 50.7 6.6 6

• pushconstant 36.0 3.2 14

S 
• 

equalword 53.3 2.7 7

copyword 49.3 2.5 5

copybyte  4 9 . 3  2 .0  5

enter 117.3 1. 2 14

exi t  82.1 .8 9

39.2 67

Average  i n s t ruc t ion  t ime :  55.2 usec.  

55 J
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p.’ PERFORMANC E COMPARISON

s t i .  PERFORMANCE5 COMPARLSO~I

- \‘ Machine  Speed R e l a t i v e
(usec) Size 

POP 11/ 145 10 100

GA 16/110 27 220

LSI 11 27 1 00

NOVA 33 194

PACE (no  m u l t )  37 231

CA LSI 4/10  52 220

TI 9900 55 137
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~ummarv

This is one of several reports which compare 16 bit microcomputers with

respect to implementation of a Concurrent Pascal subset. This report

evaluates the process sw i tch ing t ime of var ious micro processors , t hat

is , the time required to preempt one process and resume another. This

influences the response time of a microcomputer to real—time events

(such as interrupts).
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1. INTRODUCTION

This is one of severa l reports w hi c h com pare 16 bi t microcomputers

wit h respec t to implementat ion of a Concurrent Pascal subset [ 1 ,2].

This report evaluates the nrocess switchin~ ~~~~ 
of var ious

micro p rocessors , that is the t ime requ ired to oreemot one proces s and

resume another one. The process switching time and the scheduling

• policy of processes determine the response time of a microcomputer to

real—t ime events (such as interrupts).

2. PROCESS SCHEDULING

In the imp lementat ion of the Concurrent Pascal sub set , the

schedul ing of processes is s implified as muc h as poss ible:

The processor executes one process at a time . In general a running

process continues its execution until it either terminates or waits for

some cond ition to be satisfied . A process can wait until a monitor gate

is open , or unt il a cont inue operat ion has been perfo rme d on a mon itor

queue or unt il an input/output operation has been completed .

When a process is not running it waits in a ready nueue which is

served in first—come , first—served order. 
-

A process wa iting for one of the cond it ions ment ione d earl ier w ill

be resumed per iodically (just as any other process). If the process

finds that its condition is satisfied then it will continue execution ;

otherw ise it reenters the ready queue to wait for another turn.

~

~~~~~ 
-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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After initializatLei the only operations on the ready queue are

~~~~ mp t and resume.

Preempt saves the register v~i ues of tne running process on t~ p of

its stack and enters the stack adiress in the ready queue . If the ready

• queue is full the concurrent program terminates with an error message.

Resume r~~ tores the stick address of a process from the ready

queue , restores the- register values from the stack , and continues the

execution of the process. If the ready queue is empty the concurrent

• program terminates.

Since process switching takes place only after the completion of a

virtual instruction it is necessary only to save and restore the values

of the registers q, g, b , and s.

In Pascal the ready queue can be represented by an array of words

and three variables defining the indices of the ~~~~~~~~~~ and ~~jJ. elements

as we ll as the length of the queue :

coflst proclim capacity of ready queue ;

var
list: array [1. .proclim] ~~ word;
head , tail: 1. .proclim ;
length: 0.. proc lim;

procedure preempt ;
begin
j~ l eng t h p rocl im ~~~~ term inate(proclimit);
5 : :  pred(s) ; word [s]::q;
s::pred(s); word [s]::g;
s:: pred(s); word[s]:=b;
l ist [tail]:: s;
tail:: tail 

~~~ 
proclim + 1;

length:: succ(length) - -

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .---~~ .r—~~~, ~~- - -~~~~~

-—_ -
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~ rocedure resume;
begin

~
j length 0 ~~~~ term inate(terminated) ;5 : :  list[head];
head:: head ~ proclim + 1;
b:z word[s]; s:: succ(s);
g:: word[s]; 5:: succ(s);

• q:: word [s]; s::succ(s);
length := pred(length)

3. I M P L E M E N T A T I O N

On three of the four machines evaluated the implementation is quite

close to the Pascal procedures. The registers are stored on the stack

just as in a procedure call. The TI 9900 processor , on the other hand ,

has a fast processor sw itc hing mechan ism . On thi s mac hine the general

registers are stored in main memory . The workspace pointer is a

register that defines the base address of the current register block.

On this machine the var 1 ables head , tail , and length , as well as needed

cons tan ts are stored in a separate re gis ter bloc k that is use d only

during process switching . The previous workspace pointer is stored in

the ready queue .

3.1. GA 16/110 Implementation

The var iables length , head , and ta il are allocated in low memor y so

they may be accessed in absolute mode. Several two—word immediate

instructions are used . S

p
~~

•- _~~
_
~‘;: •~~~ -- 55 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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preempt:
x:= length;
x compare proclim;
jJ equal ~~~~~~~~~ ~~~~ proclimit;
s:— 1
word(s):=q;

s:— 1;
• word(s):=x;

5:— i ;
w o r d ( s ) :
w:=ta il;
word(w):=s;

w compare lasttail;
• 

• jj equal 

~

jj

~~

w : — proclim ;
• tail:=w;

length:+1;
return;

resume:
x :  = l e n g t h ;
x comp are 0 ;
if equal ~~~ ~~~~ term inated;
w: :tiea d;
5:  :word (w);
w: -+ 1;
w compare lasthead ;

- 

• iC equal ~~~w:— proclim ;
head ::w;
length: —1
x: :word(s);
b: :X;

• s:+ 1 ;
x::word(s);

- 
- s:+1 ;

q::word(s);
s:÷1;
return;

- - . ,‘p”~~~

~ ________________  __________ .~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
--55 -v--- — -~~~~~~~~~~~

M I C R O C O M P U T E R  E V A L U A T I O N :  PROCESSOR M U L T I P L E X I N G  5

3.2. j fl Implementation

The variables length , head , and tail are stored in memory . The

constants proclim and lasttail are immediate operands.

preempt:
length compare proclim ;
if equal ~~~ go~~ proc limit;

S s:—2; word(s):=q;
s:—2; wo rd(s): :g;
s:— 2; word(s):=b ;
y::tail;
word(y):zs; y:+2;
y compare lasttail;
if equal tJl~•ay:_ 2*proclim ;
tail::y;
length : +1 ;
return;

resume :

~~~~ length;
j f . zero  ~~~ g~~~ terminated;
x =head;
s:-.word(x); x:+2 ;
x compare lasthead ;
if equal ~~~x:_2*proclirn ;
head : :x;
b: :word(s); s:÷2;
g::word(s); s:+2 ;
q::word(s); s:+2;
length :— 1;
return;

3 .3 . NOVA Implementat ion

The variables length , head , and tail , as we ll as const on ts procl im

and lasttail are stored in low memory.

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - ~ ~~~~~~~ - - -
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preempt:
x: :lerigth ;
y: :proclim;
i fx : y~~ fl~~

~~~~ 
procl im i t ;

s:— i
wcrd (s)::q;
s : — i ;
word(s) : =g ;

word(s ):=b ;
x : =5;

tail;

x : :lasttail;
• t x = w then

• tail :=w ;
length: +1
return ;

res ume:
x:=le ngth;
if x = 0 ~~~~

g~ ’ term inated;
w : :head ;
x:=word(w) ;
s: =x ;
w:+1;
y::proclim ;
x:=lasthead ;

- .  
i f x :w t h e n
w: —y;

head : :w;
x :  =word ( s ) ;

x : :w o r d ( s) ;
s:+i ;
g: :X
x : :word ( s ) ;
s:-+1 ;
q: x
return;

S - , e~~~~.

~~~~~~~~~~~~~~~~~~~~~
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r

3.4. TI 19.QQ. Implementat ion

The preempt and resume programs for the TI 9900 are somewhat

d ifferent. The work space pointer WP is saved and restored from the the

ready queue and the other re gisters are saved and resto red as a s ide

effect of this. Thus the corresponding Pascal procedures are:

.~rocedure preemp t;

• begin
if. length proclim t~i~n term inate (proclimit);

-
- list[tail]:=WP ;

tail:=tail 
~~~ 

procl im + 1;
- - length:: succ(length)

Drocedureresume;

begin
if length 0 ~~~ term inate(terminated);
WP:= list[head];
head:: head ~~~ proclim + 1;
length:: pred(length)

The variables length , head , and tail , as well as the constant

proc lim , are stored in reg isters. The WP register contains the previous

value of the workspace pointer (before the call), and the wor kspace
• pointer is restored from the same register by a return instruction.

Using this scheme each process requires a dedicated register block of 16

words. This could be allocated out of its stack space at initialization

time .

~~~~~~—-  -~~~~~~~------ .: .-
.

.

- . ~~~~~~~~~ . r 
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preem p t:
length comoare proclim ;
if equal ~ g~~ c~ proclim it;word(tail):=WP ; tail:÷2;
tail compare lasttail;
j~ equal  

~~~~tail:—proclim ;
length:+2;

- return ;
-

. resume: /

~~~~ leng th;
if zero ~~ ~~~~ term inated ;
WP:: word(head); head:+2 ;
head comoare lasthead ;
if. equa l ~~~~• head:—proclim ;
length:—2 ;

• return ;

- 

‘p 1~ .~ - 

- 
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4. PERFORMANCE

Machine Speed Space
(usec) (wor ds)

TI 9900 80 16

GA 16/110 111  ‘4 4’

NOVA 1 20 42

LSI ii 143 39

Process sw itc hing t ime for all mac hines ta kes about as muc h t ime as

2 to 5 v irtual instructions. The TI 9900 clearly benefits from the fast

switching mechanism in its instr~ ct ion set. Unfortunately the

flexibility that allowed this was partly responsible for its poor

performance in interpreting Concurrent Pascal code. The other machines

are s imilar to eac h ot her in performance and in the nature of the length

of the code.
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