
RD-AI52 961 R REAL-TIME EXECUTIVE FOR MULTIPLE-COMPUTER CLUSTERS j/3

DEC 84(U) NAVAL POSTGRADUATE SCHOOL 
MONTEREY CR D J BREWER

UNCLASSIFIED F/G 9/2 NL

EIIIEIIEEEIIIE
EIIIIEIIEEIII
EIIEIIIIEEEII
IEIIIIEEEEEII
EIEEIIEEIIEEEE
EllllEllEEEllI



11 25 111_A .

ICRCP REOUTO TES CHART12.
NATONA BUEA OFSTNDRS _96

L 3



In

NAVAL POSTGRADUATE SCHOOL
Monterey, California

3 L3

THESIS ..
A REAL-TIME EXECUTIVE FOR
MULTIPLE-COMPUTER CLUSTERS

*by

*David J. Brewer

.December 1984

-L.J

Thesis Advisor: Uno R. Kodres

Approved for public release; distribution is unlimited



SECURITY CLASSIFICATION OF THIS PAGE ("oin Data Entered)

REPOT DCUMNTATON AGEREAD INSTRUCTIONS
______ REPORT___DOCUMENTATION_____PAGE_ BEFORECOMPLETINGFORM

1REPORT NUMBER _[2. GOVT ACCESSION NO. 3. RECIPIENT*S CATALOG NUMBER

14. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

A Real-Time Executive for Master's Thesis
Multiple-Computer Clusters December 1984

6. PERFORMING ORG. REPORT NUMBER

*7. AUTHOR(s) S. CONTRACT OR GRANT NUMBER(&)

'David J. Brewer

9 . PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA A WORK UNIT NUMBERS

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Naval Postgraduate School December 1984
MontreyCaliorni 9393I1. NUMBER OF PAGES

Montrey Calforia 9943226
1.MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 1S. SECURITY CLASS. (of this report)

Naval Postgraduate School Unclassified
Monterey, California 93943 _____________

15s. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution is unlimited

* 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report)

WS SUPPLEMENTARY NOTES

19. KEY WOR6S (Continue on ,rerse side it necessary and Identify by block number)

Distributed1 Processing, MULTIBUS, CP/M-86, Ethernet, Local
Area Network )i-. ,v~ ~e. ~

0C. ABSTRACT (Continue on reverse side If necessar'y and identify by block numb*#r)

This thesis extends the multi-computer real-time executive,
MCORTEX, for a cluster of single board computers (INTEL iSBC 86/12
86/12) on the MULTIBUS, to a multiple cluster system tied
together by a Local Area Network (Ethernet). The E-M4CORTEX

q system~ us;es eventcounts and sequencers to synchronize processes
resid-"t in the network. Data communications between processes

* are presently limited to a single cluster with shared memory.
Irrnm~T T miIIf 'ip

D OA.17 1473 £D1-ION OF I NOVSS5IS OBSOLETE

S N 0102- LF- 0 14- 6601 1 SECURITY CLASSIFICATION O THIS PAGE (When Dala Entered)

.. 2



SECURITY CLASSIFICATION OF THIS PAGE (1in, DMa Entoeo

ABSTRACT (Continued)

'However, future versions of E-MCORTEX will permit network-wide
process synchronization and data communication.

S N 0102- LF- 014- 6601

2 SECURITY CLASSIFICATION OF THIS PAGE(lotne DMate Shner

. ./.



Approved for public release; distribution is unlimited

A Real-Time Executive for Multiple-Computer Clusters

by

David J. Brewer
Lieutenant, United States Navy

B.S., University of Idaho, 1978

Submitted in partial fulfillment of the
reauirements for the degree of

MASTER OF SCIENCE I COMPUTER SCIENCE

from the

NAVAL POSTGRADUATE SCHOOL
December, 1984

Author: c.iOt
David J rewer

Aporoved by:------g4.
Uno R. Kodres, Thesis Advisor

Mitchell L. Cotton, Second Peader

Bruc9 ;F-K . Maenr, an Chairman, Department of
Co puter Science

Kneale T. Marshall, Deanf rmation and
Policy Sciences

.3



ABSTRACT

This thesic extends the multi-computer real-tie

executive, MCOPTEX, for a cluster of single board computers

(INTEL iS]RC 6/12) on the MULTFRUS, to a multiple cluster

system tied together by a Local Area Network (Ethernet). The

E -M OF'r EX system uses evertcounts and seQueNcers to

syrchronize processes resident in the network. Data

comnmunicaticns between prccesses are presently limitel to a

sir.zle cluster with shared memory. However, future versions

of E-MCOITFX will permit network-wide prncess

synrhroni7atior and data communication.
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I. INTRODUCTION

A. DISCUSSIN

1. General

The purpose of this thesis is to exteni thp

existinR version of' MCORTEX to a distributed multi-coniiter

real-time executive which transcends the bounlaries of a

length-limitet parallel system's bus, the MULTIBUS. This

extension Is provided by a local area network (LAN) medium,

the Ftherret, and the additional operating syste'm

pri'mitives.

s the anti-air warfare (APW) system of the 1982's

for the U.S. Navy, the AEGIS Weapon System captured the

attertion of a project proup at the Naval Postgraduate

School (NPS). The project group was formed t) look at the

V.'/SPY-1A phased array radar pricessing unit. This unit was

seiected due to the time critical nature of the pr,cessing

reQ~ire-mrts, i.e., the fast rpactior to inbound hostile air

rortacts (mis,_ile and aircraft). The AEGIS Modlelin ol rou

.as been working on the VLSI arrhitecture and the ,CORTEX

real-time execltive for several years.

The fundamental objective is to utilize

commerrially availablp LSI and VLSI components that can be

implemented in a mo[ular form within the AEGIS Weapons

Syste-. Subseauent low cost is a desirable effert, but the

11
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must be mutually exclusive, but it is highly undesirable to

place an a priori seouence constraint on several producers.

Each producer obtains a ticket number from seauencer S for

depositing its message in the buffer. Once a process obtains

a ticket, it merely waits for the completion of all

nroducers that obtained prior tickets. Each producer

execptes the code illustrated in Figure 2 and each consimer

executes the same code shown in Figure 1.

The producers block in the following circumstancs:

(1) Another Drcducer has a lower ticket value and as yet
has not deposited his message.

(2) The single consumer is unable to keep up with the
messages Ieposited in the buffer.

C. A DISTRIRUTED SYNCHRONIZATION MODEL

1. Asynchronous Eventcounts

In distributed clusters without shared memory, a

change to an eventcount (via advance) takes time to

propagate down communication lines to other systems. Two

major options exist: (1) implement all eventcount5 so that a

given eventcount exIsts only in the cluster where it is most

frenuently accessed. All other clusters which need the value

must make remote accesses to the value. [2) distribute the

eventroint values, so that each cluster maintains a local

copy. The latter option is that selected in this extension

of VCCRTX.

25



Ir synchronization problems that require exclusive

use of a resource, the eventcount dlone is inadeouate. Two

or more processes desirinr to use a shared resource or

write to a shared buffer location are natural examples.

Another kind of an object, known as a "sequencer" can be

u sed to Drovide the needed total orderin.. A seauencer is

corsid-red a natural number generator, i.e, it returns the

seauence 0,1,2,..., etc. Only one o~eration exists on a

seaupncer - ticket. When applied to a sequencer S, ticket(S)

returns a non-negative interer value as its result. The

ticket primitive is based on the idea of the first-come

first-served principle used in everyday life. A ticKet

machine in a catalog sales store or shoe store is an

example. The ticket machine issues successive integer values

on the ticket, and the next customer to be served is based

on the number on the ticket. The store clerk can determine

the next person to be served by merely aiding one to the

previcusly served number. The customers are served in first-

come first-served order. If a customer with the next ticket

number has walked out of the store when his number is

called, he loses his turn and must get another ticket. This

service policy is usually implemented in both stores and in

computer operations by a watchdog timer.

The use of sequencers implies mutual exclusion not

Dresent in eventcounts. In the case of multiple prolucers,

in a producer-consumer relationship, all messaee deposits

24



(2) the prodlicer does not store the (i + N)th value into
the buffer until the i-th value has bpen read by the
consumrer

It is important to note that in the above producer-

consumer examplp, each eventcount has only one writer. In

the tusual semaphore solution both processes would modify the

same synchronization variable. For example, let P(S)

represent the synchronizing primitive where processes wait

for S 'so-e resource) to become greater than zero and then

subtract 1 fromn S before proceedinpg. Further, let V(S)

represent the synchronizing primitive where the processes

add 1 to S before proceeding. With this type of

synchronization the consumption and production of a result

or resource reautres that all processes read or write S. A

reduction in write competition often occurs in eventcourt

solutions, resiltinp in simplified correctness proofs and

simplifyinz the synchronization of physically distributed

processes.

The power of' eventcourts rest ir their ability to

achieve synchronization through a relative ordering of

events, rather than by mi'tual exclusion. In tte previous

example, concurrency of execution is guaranteed if the

producer starts out several steps ahead, of the consumer and

the speeds of production and consumption are eaual. In that

case there does not exist a time when the consumer or

Droiucer must wait fnr the other to complete an operation.

23



producer: procedure;

i = 0;
do while (FOPEVER);

j = read(MESSAGE_ IN);
k= read(MESSAGE OUT);
if ((' - k) >= NT then

call await(MSSAGF _OUT, k + 1);
/* if difference in evpntcount values

exceeds buffer length then block '/
message_buffer,i MOD N) = receivemessage;
call advance(MESSAGE IN);
i = + 1;

end; /* do while ':/

end; /* procedure */

consumer: procedure;

i = 1;
-do while (FORFVER);

call await(MESSAGE IN. i);
/* if MESSAGE IN < i then block '/

call xmit lessage(message buffer((1-1) MOD N));
call advance(MESSAGE-OUT);
i = 1 + 1;

end; /'" do while ;:/

enl; /* Procedure */

Fieure 1 Producer-Consumer Process Synchronization

22



Freouently a process may rot wish to continue

executing unless an event, in a class in which it has

interest, bas occurred. A 'busy wait' could be implemerted

easily by looping around an e~ecutlon of a read(E) primitive

until a specified value of the eventcount, F, is reached.

The imDlication of wasted CPU cycle time is evident and in

!rany instances could be avoided. A process can voluntarily

block itself with an await(F, v) primitive call. The caliine

process will remain suspended (i.e., not ready for

execution) until the value of E is at least v. Processes

written in PL/I - like pseudo-code, as illustrated in Figure

1, demonstrates the use of the advance and await primitives.

The producer and consumer process must synchronize their use

of a shared N-cell circul buffer. The circular buffer is

implemented as an array in shared memory with indices from

7 to N-i. Two eventcounts MESSPGE TN and MESSAGE OUT are

used to synchronize the producer and consumer. The producer

generates a series of messages by calls on a function

receive messaee and stores the i-th iteration in

message _ uffer((i-1) moo N,. The consumer rei4s these values

out of the buffer in order and consumes them by callina a

xmit message subroutine and advarcinp eventcount

MFSSPGF OUT.

The two eventcounts, MESSAGE IN and MFSSAGE OUT,

coordinate the use of thp buffer so that:

(1) the consumer does not read the 1-th message from the
buffer until it has been stored by the prniucer, ar-1

21
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synchronization variable, known as a sequencer, is

needed.

An eventcount is primarily a count of the number of

events of a particular class that have occurred in the past.

It can be considered a non-negative integer variable whose

value never decreases. This is reasonable, since events

cannot unhapoen.

2. Model Primitives

To signal the occurrence of events, an advance

primitive is used. Two primitives, await and read, are used

to obtain values of eventcounts. A primitive operation

advance(E) signals the occurrence of an event in the class

associated with the eventcount E. This operation increases

the integer value of E by 1. The value of the eventcourt

eauals the number of advance operations performed on it. The

initial value of an eventcount is zero.

1 process can observe the value of an eventrount in

one of two ways. The value may be read directly using the

primitivp read(E), or the procFss can block itself until the

evertcour.t reaches a specific value v usina the await(E,v)

primitive. The value returned by read(E) counts all of the

advance operations that precede the execution, and may or

may not count those In progress during the read. The result

of read(F) is, therefore, a lower bound on the current value

of F after the read, and an ,ipper bound on the value of F

before the read.



normally unneccessary for a process to know the names or

residences of other processes.

This model makes no assumptions about the environmental

properties of systems and consequently is directly

aprlicable to distributed systems. A distributed system is

defined as a system which, due to the lack of a common

memory, reoulres communication among processes to be via

communication channels involving unpredictable tine delays.

B. VODEL VAHIABLES
1. Eventcounts and Sequencers

0 Unlike the semaphore model, the MCOHTEX model

solves the synchronization problem in terms of timinR

constraints on occurrences of events, instead of mutual

exclusion. Events are divided into event classes and events

of a given class are represented by an associated

synchronization variable of the type eventcount.'

Primitive operations exist that permit processes to signal

and observe occurrences of events.

The eventcount alone is inadeouate in certain types

of timinR constraints problems. This type of synchronization

problem has the characteristic that the order of different

activities is rot specified in advance. Instead the

synchronization system dynamically defines a total order

among them. To deal with this type of constraint a

19



If. THE EVENTCOUIT MODEL

A. A MODEL CF SYNCHRONIZATION

A computer system that manages resources used by

corcurrently operating, independent users requires a

mechanism that allows processes to synchronize the use of

shared resources.

The most common existing models of synchronization are

based upon the principle of mutual exclusion and shared data

to achieve synchronization. Semaphores [Ref. 71 and monitors

[Ref. S] are based on the concept of mutual exclusion. In

this context mutual exclusion is a mechanism that forces the

time orderine of execLtion of pieces of code, called

critical sections.

The characteristics of the semaph3re and monitor

synchronization models have undesirable effects. These

effects include complex proofs for program correctness ard

limitations on applicability to distributed systems.

The model upon which MCORTEX is based is an event

oriented model of synchronization in which processes

coordinate their activities by signalling and observing

events via synchronization variables, known as eventcounts
and "seauencers." These synchronization variables are

interfaces for all interaction among processes. It is

18
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Chapter II presents design concepts and criteria for the

ori~inal rCOTFX model and the distribution rTndel upon which

the extensio to MCORTEX is based.

Chapter III is a presentation of the system

architecture, with primary emphasis on hardware components.

Chapter IV details the system design of' MCORTEX,

including the nethol by which user processes gair access to

7therr et services.

Chapter V is a thorouh presentation of' the development

of iser processes and the trodifications to the MCOTFX

loader.

Chapter 4I is a summary of the current state of the

system, with particular emphasis on future enhancements and

scheduled modifications.

17



the control of MCORTEX. He also developed access merhaniss

to the MCCRTT-X supervisor compatible with Digital i4esoarrh's

PL/I-66 lan .uage syste-i. User programs could then bp

developed in a high level, portable language. The kernels of

MCORTEX, system processes, and user processes could then be

loaded into single board processors from the CP/M- 6

environment. Just as importantly, access to the disk snaring

capablltities of the multi-user CP/M-86 system, via MCORTEX

processes, was made possible. Rowe's efforts wore a

culmninatior, of the planned synergism of the individual

research projects.

C. STRUCTURE OF THE THESIS

The goals of this thesis are to:

1. Fxtend the existlir MCOPTEX real-time execiitive for

a single cluster of single board computers with

shared memory to a real-time executive for a

multiple cluster system without shared memory.

2. Extend the existing MCOITEX without introducing

substantial changes either to the MCOFTEX executive

or its primitives.

3. Use the Ethernet interface between clusters to

communicate systems data.

Chapter I discusses the overall intent of the AEGIS

eaDons System Simulation Project and the emphasis area this

thesis covers in accomplishing project goals.

16



of an operating system tai lored to real -time image

processing. His design used the MULTICS concept of

5erentation and Der process stacks and Reed and Kanodla's

IPef. 21 eventcount synchronization methods. Rawantzikos

(Ref. 31 began the initial Implementation of Wasson's

efforts. At this point, MCOFTEX used the concept of a "two

level traf.ic controller' to effect processor rultiplexirg

amon,- elig iblP prncesses .

,ox [Ref. 1] simplified the design of :MCORTEX. Me

reduced the traffic controller to one level of abstraction,

favoring reduced MCORTFX execution overhead over the

security of the twn level traffic controller. Cox's other

contribution was the addition of a "gatekeeper" module to

the entry to the operating system, so the user's access to

system calls was simplified. Klinefelter [Ref. 51

generalized Cox's work and developed a technioue to

dynamically interact with the operating system during its

execution.

Durin the early stages of' develovment of MCORPEX

concurrent research efforts, within the AEGIS ,od elir

Group, were producing a multi-user CP/M-86 based disk

sharing environment. It was envisioned this system would be

used to develop software in support of the SPY-lA processing

Pmulati on.

howe (Ref. 61 brought the powerful, highly portable

functions of the multi-user CP/M-86 operating system unler

15



The distinction must be made between user processes

and system processes. VCOTEY is the executive which

pro,,ides primitives to allow processes to synchronize and

communicate acynchronously. The only system process invoked

by VCORTX is the device-iependent Ethernet Communication

Controller Board (ECC3) handler and packet interpreter. This

system process is resident within one SBC at each cluster.

As a consumer of Ethernet Reoiiest Packets (EPP), produced by

each kernel, this virtual processor does not compete against

other processes for a time ouantum. It is throuph the ERP's

that user processes make known their need to transmit

information over Ethernet. It is transparent to the user

processos, however, that an ERP is generated; MCORTEX takes

care of this detail. The ECCB handler and packet interpreter

is scheduled under MCCRTEX and never surrenders the CPU.

When it does not have any rthernet Reouest Packets to

consume, it idles in a Pusy Wait loop. It is anticipated

that its wait will be minimal. User processes are those

uhich are irdependent of cluster hardware, generally cyc:io

in ratuic, ard urovide a function in su;pport of the Aegis

0- Weapon System Simulation and Modeling effort.

B. BACKGROUND

The initial design of MCORTEX was completed in 1980. The

implementation for the iSC F6/12 sinelo boarl processors

was completed in three Naval Postgraduate School theses in

19F1 and 1-4&2. Wasson (Ref. I defined the detaiied desitr

14
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Derformarce is realized by expanding MCORTEX to allow

multiple Kernels to schelE ? processes that synchronize and

commini :ate via an intercluster bus (Ethernet). The benefits

of interconnecting processing nodes to facilitate

information exchange ard resource sharing has long been

recognized. Those recognized benefits are beirg applied in

the development of extended PACORTFX. The collection of

available clusters and the higi speed interconnect is

collectively known as RTC* (: eal-time Cluster Star). As will

be seen, the Kleene closure connotes the true power arw

extensibility of MCORTEX.

The locality of processing modules in a real-time

environment is tantamount to speed and efficiency. By

effectively co-locating real-time sensors and related

processing modules, real-time data aouisition and processing

is assured. The use of the Ethernet medium allows the

extension of needed process synchronization and interprocess

comnunications to processin, note, which cannot be locatpod

physically close enough for shared memory.

As a fully distributed real-time executive, MOORTEX

corsists of single board resident kernels wnich support

multiprocessinp. Process synchronization between virtual

processes in the same cluster or in different cli sters is

provided, entirely transparent tc user processes, through

integrated cluster hardware and kernel primitives.

13
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prnposed replacement cf the current four-tay P.N/UYK-7

nomiuters, of the !/SPY-IA phaspd array suite. is not soley

cost-tasel. Reliability and functional redundancy in rhe

evert cf failure are extremely important criteria. Mean time

to repair (MTTR) is a crucial issue for deployed units (ship

or aircraft), due primarily to the unavoidable disrupted Sea

Lanes of Communication (SLOC). An onboard technician could

discard a failed component and replace a low cost LSI

device, such as a microprocessor, from an onboard supply

bin.

The project team has produced (up to and includling

this thesis) a highly modular hardware base, integrated with

an equally mcdular and highly -xtensible scftware base. The

use of 7thernet as the highest level bus has introduced

another comnerclal-rrade product into an existing system of

commerclal-prade products. As an established standard in

the marketplace, the low cost, availability. ard support of

Fthernet is virtually P.uaranteed for years to come.

2. S-Oec if ic

we define a cluster as a group of single board

computers (SEC), controlled by multiple kernels of MCORTFX,

sharir. a common backplane. The Integration ot the kernels

with a Peneral purpose commercially .vailable operatirn

system (CF/M-86) collectively provides multiprogrammir

capability, multlprocessing capability, and standard disk

cperating system (DOS) functions. Increased cost-

12



producer: proceduire;

do while (FOREVER);
t = ticket (S);

1* producers synchronize */
call awalt(MESSAGE IN, t);

/X at this point in execution it's this
processes' turn, but now must
synchronize with the consumer '/

.1 =read(MESSAGE IN);
= read(MESSAGEOUT);

if - k) >= N) then
call await(MESSAGEOUT, k + 1);

/* if buffer is full then block *-
message_buffer(t MOD N)=receivemessage();
call advance-( MESSAGE IN);

i-0 end; /* do while */ -

end; /* procedure */

Figure 2 Multiple-Producers/Sinple-Consumer i elationship

0
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We define a local eventcount to be an eventcounrt

which is not eccessel nutside the cluster. We dpfinp a

remote evertcotnt as one which is accessed in at least two

clusters. A producer at a cluster simply advances an

eventcount. If the eventcount is a remote eventcount, the

operating system generates the necessary commands which

advance a local copy as well as the remote copies of this

eventcount. The distributivity of the eventcount is

entirely trdsparent to the producer and consumer. Orly the

operating system knows in which cluster the producers and

consumers reside during their lifetime.

By transmitting the eventcount value, the

robustness of the system is assured. Even if the

transmission message is lost or not properly received, the

very next advance and a subseauent successful transmission

will bring th remote copy up to its correct value. The non-

decreasing nature of the eventcount value accounts for this

robustness.

The design molifications to MCORTEX to allow the

Pventcount values to be distributed are fully presented and

discussed in Chapter A.
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III. SYSTEM ARCHITECTU E

A. HARDWARE REOUIREMFNTS

1. System Configuration

A cluster of Real-Time Cluster Star (RTC:-), as

shown in Figure 3, is based on the INTEL iSBC 86/12A

* -single noard computer (SBC) with MULTIBUS serving as the

intracluster bus. Figure 4 illustrates two clusters

connected by the Ethernet LAN medium, which serves as the

intercluster bus.

Although only four SEC's are shown at each cluster,

the limitation is entirely dependent on the number of bus

masters. A bus master can drive the command and address

lines: it can control the bus. Since multiple bus masters

exist in this configuration, some means must be available in

hardware to arbitrate their simultaneous reouests to use the

MULTIBJS. A customized random priority bus resolver,

desipned specifically for this system, serves a maximum of

eight tus masters. A bus slave, such as a RAM board, cannot

cortrol the bis and does not require arbitratior circuitry.

Two shared iemory boards also share the MUL"IBUS.

3 32K RAM extension board is used as shared memory for

process synchronization and control under MCORTEX ani for

CP/M-86 multi-user system control. P 64K RAM extension

board provides additional shared memory required for user
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REMEX SHARED Common
HARD MEMORY Memory
DISK 64K RAM ----

32k RAM

7scIBCIB I SBC
8/286/12 86/12 86/12

* FIGURE 3 ClUSter Hardware Conf Iguration
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?rocess lata communications. Two hard disk systems are

available for application Drocess use within a cluster. The

EMEX hard disk system has a disk controller card which is

placed in an odd slot (reauired for a bus master) in the

MULTIBUS backplane.

The InterLAN N13010 Ethernet Communications

Controller is a MULTVIUS-based single board processor which

along with a transceiver provides the cluster with a

co'nplete connection to an Ethernet medium. This is the

hardware extension to the cluster which allows MCORTEX to be

distributed over the Ethernet.

Although only two clusters are shown in Figure 4,

the Fthernet specification [Ref. 91 allows for a maximum of

1024 nodes. However, the limiting factor in MCORTEX is the

number of clusters that can be addressed with the current

packet routing algorithm. As will be discussed in Chapter

4, the upper bound is 16 clusters which is more than

a4equate considering the current availability of only two

N1371V- boards and three N13210 boards (enhancei version of

the N13010) in the AFGIS Simulation Laboratory at the U.S.

Naval Postgraduate School, Monterey, California.

An experimental system that contains both analogous

and dissimilar components to that of TC* is CM* [RPf. IV].

The most important comDarison is between CM"'s Kmap and

ITC*'s NI3VOI and Driver. The Kmap must effectively route a

• . . ... - x"a . . . . ... . - . - 1 • & .. 2.Z 3
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ETHERNET

13010
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FIGURE 4 Real-TIme Cluster STAR Arc.itecture
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shared address between rl,isters, whereas the ",iI3 Il Drivpr

routes an. entirm datagram of in.fcrmation. The interciuster

response timre of Kmap is on tLe order of .6 : icroser.on,!s,

while the Ethernet is on the order of' illi-.econ'ls.

Therefcre, the use of Fthernet is apPronriate w>.ere

relatively lonz messages with not very lemanding response

tir-s arp used. The Kmap has a relatively low transfer !-dte

with fast response tiTes. Additionally, the cost of' the

I3, 1 and the Driver development, the flexihility. ani its

extensibility is far superior to the Kmap. The .131l s

expected to further increase the speed and efficiency of

intercl)ster communications.

2. The iSBC 86/12A Single Board Compniuter

The iSC 96/12A board includes a 16-tit CPU, P4 .

tytes of dynamic RAII, a serial commnurcations interfac.

threp 8-bit prnprammable parallel I/O ports, i)roram mma

timers, priority tnterruit control. MJULTIPUS int-rface

control le-ic. and bus expai sion drivers for interfacc with

other TULTIEUS Interface-rornpatibIe expe isior, boards. Th-

iSnC Q/12A Var,i has an Internal bis for all oboard ,f,-,r.

and I/O operations and accesses ULTIEIJS for all xter ai

memo ry and I/O operations. Thpref.ore, lcal onboar )

operations lo rot ,isturb the MULTIMIS interface available

for parallel drccsslnr wh-n s,veral bus masters (e.!., r TVA

devices and other SPC's) are operatinp con rrently.
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The iSBC96/12A pro,':d(s a three level hierarrh,-"l

bus striirture. At the first level, t., h A-6 pre O

communicates through th- or. board bus with ui) to 32K 'f ',,f

with serial arn parallel T/O ports and with tn I iual-port

bus. Control and access to local RAM is orovided by the

second level dual-port bus. The third bis level, the

MULTIPUS interface, provides access to the iULTIFT'S. 'vO

presently isel wlring option prnhibits of!' bc,,ar-d access to(

local RAM, so that the local RAM I; protectpd fron e r l

cor taminati on.

3. The P e6 Microprocessor

The 8086 microprocessor, the heart of the sinjle

board computer, performs the system processire fi:nctions drJ.

generates the aldress and control signals to acczss -nerro ry

and I/O devices.

This high performance, general p11r po s,

microprocessor base of the iSBC86/I2A contairs ar

Wxecution Unit (EU) and a Bus Interface Unit 'FIJ). F.U

fu nctions are supported by irstruction fetches arid cDprand

reais ani writes conducted by the PIIJ. r.? BlIR caU i star;

instructions in an internal PA, to a l eveI of six u 'Fo

increac-ing FU efficiency and decreasinp tus ile timp. IV-

bit arithmetir/logic unit (ALIT) in thp EU riaint ains the CPU

status and cnntrol flags, and manipujlates the -,eral

re isters and instruction operands. All repisters anr, lata
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Daths in the 7U are 16 bits wide fcr fast internaI

transfers.

The 8A6 has e h t 16 bi t zeneral I ur ,C se

registers. Four byte addressable registprs, rlown as the

data registers, car be used without constrairt in mest

arithmetic and logic operations. The renaini . four are

primarily pointer registers, but can be used as

a ccrmulatnrs. Additionally, the 6OR6 has fur see, ir

repisters. an instruction poirter rp Iist Pr and a flap

register with nine st tvs bits.

The P86 can address up to one :iegahyte of

memory, viewed' as a oroup of segments, as defired by the

application. A segment is a logical unit of memcry that may

be up to 64K bytes lor.. The segm~nt registers Toint to th'P

four currently addressable seizments. Pro.rams ottain access

to code and data in. other segments by changinp the seement

registers to point to the desired segments.

It is convenient to think of e very -,e olory

location as having two kinds of addresses, ohysical an I

lopical. t physical address Is a 20-bit value that uniou 1j

identifies each byte location in the mneabyte 6ldress spoce.

Physical addresses ran.e frorn OH throueh FFFFFP. Frolra,s,

however, deal with logical insteal of physical addrpsep,,. A

logical address consists of a hasp value ani an offset

value. Whenever the 'IU accesses memory - to fetch an

instructior or to obtain or store a variable - it .en& rtes

34
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a physical address from the logical one. This is

acrrrnplIshed by shiftingr the base value left four bits. aJn

addine the offset. The resultant 2P bit value is then usei

to access memory.

4. Ethernet

Pthernet is a local area network (LhJ) optimized

for the high-speed exchange of data between informatior

processing eouipment within a moler'ate--sizei go g'a ph-c

area. It is the result of a collaborative effcrt tb Dig7ta'

Fouipment Corporation, Xerox Corporation, ani Intel

Corporation. The Ethernet specification [Pef. 9] provid,%I

precise, detailed design information for a basebard local

area network and, for brevity's sake, only enerral as-jp,:ts

pertaining to the RTC" implerfentation will be liscusse(i

here.

Ethernet implements the lowest two layfers of the 7-

layer OSI/ISO model [Ref. 11 pp. 46-531. The Data lirk

layer defines the format and addressin' of packets that are

broadcast over the "Ether", dptPcts transnissinn errors,

controls access of the network by nodes, and allocates

channel capacity. These functions are, in fact. imple'nr.t-d

in the NI3010 Fthernet to MULTIPUS commuinications rontrollor

board. The functions carried out by this layer for sendi'"

and rpceivirR transmissions are as follows.

a. Data Encapsulation/Decapsulation

Defining the format of nessare packets - ty-e

different fields of irfo-mation within the vackpts.
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ConstructinR packets from data sutpliei y the
nodes throuph the hiaher layers; disassembling network
messages ard supplying data to the higher layer
protocols of the node.

Aldressing - handling of source and destination
addresses.

Error detection - physical channel transmission errors.

b. Link Management

Channel allocation - the leneth of time of channel .,sp
is determined by the packet size.

Channel access - access to the channol is controllel t~y
a contention-avoidance-an:t-resolution technic ue, called
CSMA/CD, part of which is carried out ir each of the
two layers. The Data Link level responds to the channel
or carrier sensing of the Physical layer. This -eans
that the sender defers sending in the case of traffic,
sends in the absence of traffic, ard backs off and
resends the message a random time interval later in the
case of collisions.

The construction and processing of the packets that

are transmitted on the Ethernet, is Dart of the lata

encapsulation function of the Data Link layer. The Ethernet

pacKet is made up of five fields, as shown in Figure 5 (all

bytes are eight bits in length). The smallest total size of

a packet transmitted over Fthernet is 64 bytes, ani !ht,

maximum size of a packet is 1,518 bytes (these fi., res do

not include the eight-byte preamble). -ptails of tho fi,'d

are included in [Ref. 91, so the only field discussnd Ir

detail will be the destination address. Knowledge of this

field will simplify the discussion of the packet routing

alorithm presented in Chapter, 4.
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A oacket can be sent tc one, severdl, or all noles

simultaneously. through unioue hroadcastln- and adl]ressirk"

capabilities. The address of the node (or nodes) that th ,

packet is intended for is placpd in this field, which is -ix

bytes in length. A node address can be one of two types:

Physical address - the uninue address of a single node on
ary Ethernet.

Multicast address - a multidestination address of one or
more given nodes on a given Ethernet, of which there are
two ki n1 s :

multicast group address - virtually any nur.,ber of node
groups can be assigned a group address so they are all
able to receive the same packet in a single transmission
by a sending node. This is a key feature in the paccet
routirg algorithm t'o be discussed in Chapter 4.

broadcast address - a single multicast address by which
a packet can be sent to the set of all nodes on 8 given
Ethernet.

The first bit in the Destination Address field is

set to indicate a physical or multicast address. The

remaininp 47 bits specify the address itself. If a packet is

to be broadcast to all nodes, the 47 bits are all set to

"1." The 47 remaining bits allow for 2 ,' 47 (over 147

trillion) possible addresses.

The Physical Layer of Fthernet provides a ten-

million-bit-per-second channel over a coaxial cable melium.

It specifies all the essential physical characterlsti, s of

Ethernet, including bit encoding, timing, voltape levels,

and two compatibility interfaces.
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The main functions of this layer ere"

Data encoding/decoding:

Generation and removal of 64 preambl bits before each
packet is transmitted for synchronization an! timln of
messages.

Pit encodinR and decodine - between the binary encoled
form of the Data Link level and the phase Prcolrd form
recuired for transmission on the coaxial cable.
Manchester phase encoding is specifie-1 for all data
transmitted on the Ethernet at a data transnission Y-ait'

of ten million bits per second (10 Mnis).

Channel Access

Transmissior and reception of encoded lata.

Carrier sense - monitoring the channel for traffic aril
signaling the Data Link layer if traffic is 1-tected.

Collision detect - signalinR the Data Lin- layer,

during trarsmission, when a collision is detected.

Two important compatibility interfac-s, the

trarsceivpr cable interface ayd the coaxial ,able intrfacr,,

are also specified in the Physical layer. Detailed

information regarding these irterfaces is contained in

[Ref. 91.

5. N13010 Ethernet Communication Controller 9nard

In the followirg discussior of tr NI301V "s

operation, reference to a 'host" is synonymous with a singcl

board computer in a cluster which contains the dpvice driver

for the N13010 board. Details concerning this driver's

system role are container. in Chapter 4.

The N13010 FCC? is a MULTIBUS-compatibie crompoent

that implements layers one and two of the I30/OS[ 7-la:!'-r

model. Although programiable as a polled or interrupt-iriven

3e
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P'MA device, it is used entirely as an irtprrujt-,Ir'iv(,r

comnonert in this implementation. The N13010 serves as a bu-

'aster whPn controlling tho DVA operatior s t twnE th'.

NI3310 cuffers and the host's memory, and as a slave to the

commands of thF host.

The host controls the NI3019- by *ritir to onhr ar

registers which are MULTInUS addressable 1/0 Ports.

Dependinp on the state of execution, the host may direct the

N13010:

(1) To perform a load commard

(2) In preparation for a DMA operation - loal a memory

address and a byte count, or

(3) To enable an interrupt register, to inform the host

when a dirpcted operation is complete.

The host programs the NI30,I by writing a command

to the command repister, whose I/0 address is curre itly set

at BOH 'base register). The command function codes are

contaired in Table 3-1 of [Pef. 121. After issuing r

cnmnanl, the host must check for a value in the Command

Status RPegister. The details of this read oneration are

covered in [ef. 12], but briefly: Any value other thar zero

or one in the Command Status Register, following execution,

represents a board failure. If at any time during; M!COnTEX

execution a liapnostic appears that In-dicates an NI130,

board failure, the PTC* system ouerator car run a iianostic

Droram t hat fully exercises the b(ard. The cnde ani
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TAI LF 1 -GLOBAL ME%1OHY

0 L~CCAL$CLUJSTEhS$ATDD W x Adirns5 of thics c-ost-T
E1! C $ T PL' 1A S Event rount *ahle

2 FVC$NA-AF P F- Event count name
3 V A LU FW1 0 Event count va I i

5 ENOTF$ DD? W F?' Remote ardir ~f r',o t
Co0p y

TFHRE F A D Event count threa-1
VDIM( -'AX 1CPJ Yf VPX$VPMS $CED)

S iirtiual Droce5ssr~ -at
M ~A x$ CP U =12,1

YAX$VPMSIICPJ I,,)
r-o2 VPSID F y Virtual Dro:-essor Ii)
63 VP$STAT7 F X Virtual processor 5taitt:

604 VP IPFICIT~f '5 X Virtual processor- pri.
60t VC SAW S V PLF W y Count awaitedI

F60 7 SP PLEG W x S taCK DOin ter re~c1s~ter
609 S S 'I'REl W xi Stack segrrpnt reglster
1602 GLOBAT.$LOCK F 0
16 V3 N $ D'S B 0 0 of real Drorpssors
1604 NP.$VPSt'IMAX$CPL) 'F 0 # of virtual Dror-ssor-;

(one bytp for each possibip
C PIJ M XSCPU CIurrIeTtlY 1 1)

16141 HD4$INT$FL~rG(MAX$CPU)
P xi H//W interrupt flat- (Prfp

F or each possible CPU.
MAXICPJ cliretly :zlv)

1621 EVENTS B 1 Number of ev=r t5
1625 CPIJSINIT F 0 Log in CPU nu-ter
1626 SFUw'1CF*S 0 Number, of seuiier.rers

3FQT~B~f~0~)S Seonuencer tab]e
1627 S TQO N AM L' F x Name of seauencer
1 E29 SFQ V A _U F 14 X Valae cf seaoi-Tl~r

19~27

-by te P word S - st'-IuctI~re X - not iritialized
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r a r, e w hcn Y CC i T FX p rI n it Iv s ( a rcPess t o c o r Tr r~c mr~y) r~

used or data computed 1by a ipros uce- mlust be inlaced 1 n hr

mnerory f :,r consur'pjtlor by a n rthr-,, proc.os5 w It h Ir t La~

cliuster. MCORTEX Derforrn its functions ty sptting7 u~ a

seot ion of romr-on m.rnory callpl GLOBAL memory. Table I srxws

how this shared resource is lop-ira ly creani zP1 Apper~i ix 'H

contains the act-ial Memory locations).

P ccess t o GLOBAL mrerory is resolved t h 1-h t, r

comtination of a ha r4.ware bu s loct LOCK pref ix - orcE i r e: a

machire Iev-,l Instruction). ard a softwarr >c(-

(GLOBAL$LOCV) locatediIn %ylCFAL memory. MCORTEX primit'vt's

that accpss GLCBAL memory set thp harrlwarF' 1 us lick tLr'cigh

the PL/M-96 function LOCYSSFT [Ref. 161. The real prncpssr

Pxpcitirp the kerrel, that is e-Tr-citin,- LOCK ,%)i ,

g-iven sole access to the MULTIBUS f-or the duration ;)f

sin.-le irstruction. A LOCK pr-fix ,p rpcea i nF an XUx

instruction cauises, a vallue in a reeister (contents 7-7) t,

be exrhanperi with GILORAL LOCK. The pricessor ie xjrjflrFs

te contentc of the exchaneo rpe71cter. I h 9'~r ~

Cortairs zplro, the proo -ssor is -rart-l aross, if n:ot,

',e-r-I rnzoats the proceirle ,,rtil a z-fro Is obtilroe! f r-

~'ILCPALSL'CK. The XCFG instruction recuires two tiis rycle5 ,-

SW a P ~- it valuApS , thus] withouit the LOCr pref ix I t I s

po-stl~e fir another pro-essor to obtain the bis tetween

ry-les an-i eal- ac~ps5 to the jjartially-ipdated CLO EPL TI-T,0C~

e'na Dhonre . 4ten relinouiishine the software loc- , tne ne

vtJ 2



IV. DFT ILFn SYSTFM' DFSTJ,

A. DFSIGN ISSUES

1. Real-Time Procssinp

%"eal-Ti'ne processes are of a tire-rri'ical ".atl:-e.

and as such are always resident in ernory . The ti-e ri ,, l

to swa) a real-time process out of mrmror j, t) ra.e roor Pr

another, would corsume the very Sdme res-,'rce !eire

allocated - thp CPU. The early drsi5znprs of CO.TEX

considered this issue carefully and the result is an

operating systpm that minimizes context switchire' ov-rhpao.

"CORTEX processes resile permanently in mrpnory once 1 0ie )

and only CPU registers, critical to a corteyt switch, ar

modified. Just as imoortant are issues s,,- h dS:

(1) allocation of shared resources, (2) procpss intei-rity,

'3) process synchronizatini, and (4) interpricps,

communi ca t i on.

2. Shared ?esources

Within a cluster (Piput, 3) arp thr crit i c

sharel resources : the NI:W1 SCeP (i.p., Fthernet) , c,)rMor

memory, and shared memory itself. The hierarchical us

structure limits the access of each real processor to c-ri'un

memory and shared memory, and the bus arbiter !rants access

In a random manner. Each processor executes processes ir its

own local RPm ard only makes memory accesses nutsilo that
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ron cerrin, the multi-user C?/M-06 systern BICS is ioscribed

in [Ref. 151 ara will not be reiterated nere.
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Access to all data areas resultine from a single

link, is referenced to a common data senment. 3tack

pointers are referenced to the stack segment ropister, and

free space Pointers to the extra segment register.

Additionally, some PL/I-86 runtlie routines assume the

contents of all three segment registers (DS, SS, FS) are

identical.

The MCORTEX CRFATFPROC parameters inclice th-

absolite location of process start, stack, and data. For

this reason it is advantageous to locate process-s

absolutely when linking. LINK86 provides such an optiin

[Ref. 13 : p. 7.61 , however, the ABSOLUTE optior is

anDolicable to the entire CMD file created and cannot he used

to distribute the file non-cortiguously in merory.

Rowe [Ref. 6] experienced some difficulty usine

LINK86 as described in [Ref. 13] His observation was

entirely correct, but it was easily corrected by peneratine

a rew CP/M-P6 oDeratins system nsin, Version 1.1 CCP and

pros (Integrated with a modified BIOS). Version 1 .0

contained an error that caused the 128 byte hader,

preceding Cw'D files, to be parsed ircnrrectly at filp load

time. Details concerning this header are contained in

[Ref. 141. The BIOS was modifi-d due to the removal of the

bubble memory board from the multi-user CP/M-86 system. This

process of' generating a new CP/M-86 operating system Is

described in adequate detail In [Ref. 11 . The details
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LOCAL RAM

CP/M-86 OS

04390 -- ___

08200 USER AREA

LOADER
00700 MCORTEX -

OFFFF DDT86

COMMON MEMORY SHARED MEMORY

EOOOO 100 EEJ ET ETI YCP/M MUJLTI- 1P0 R IRIRI R pR R ERB

USER AREA 10078 P -11P11p_
E5300 TRANSMIT DATA BLOCK

MCORTEx GLOBAL 10666

EFFDATA RECEIVE DATA BLOCK

E7FFF 1OC58 -

USER SHARED DATA

ERB Ethernet Request Block

ERP -Ethernet Request Packet

FIGURF 6 Cluster Memory Mao
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reauired, memory reserved for CP/M-86 may hold user

processes.

Descriptions of processes in memory are provided to

MCORTEX through the CREATE$PROC primitive. This YCOiPTEX

function gives the process a unioue iaentificatior number,

priority, stack (SS and SP registers), next execution

address (CS and IP registers), data segment ,IS register),

and extra segment (ES register). YCORTEY establishes tie

process initial context using this information to cr; ate a

virtual processor, which is a software abstraction of a -edl

processor. The virtual processor exists as a combination of

data, both in GLOPAL mernory, and in each process stack. ther1

executing, the virtual processor becomes identical with thp

real processor state. Relinaulshing the CPU forcps the

virtual processor status into GLO.kL memory and the proc'ess

stack into local memory.

As dpscribed by Rowe [Ref. 6 p. 2e], special

effort has teen made to accommodate Drocessp_ created under

PL/I-86 arid linked using LINK86. LINK86 cr'ncaten.t-s ii!

PL/I-£ code segments into one segment and data sg-enents

into one segment. Thus, PL/I-R6 processes c~nsist of a

series of contiguous code segments followed by a series of

contiguous data segments. Additionally, at run time PL/I-SE

routines create a stack following the data area. and a free

space following thp stack. The resulting configluration is

shown in FiGnire 3 of [Fef. F1].
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8 BYTES PREAMBLE

6 BYTES DESTINATION

6 BYTESSOURCE

46-1500 BYTES DATA

4 BYTES FRM HECK SEQUENCE

FIGURE 5 Ethernet Packet Formiat

46



process is completed, the state of the systom is r, t

list urbed.

Access to MCCRTEX is through the suvervisor at the

outermost layer of the rCllTFX four level structure

discussed by Klinefelter [ef. 5 : pp. 44-46].

Also resident in each local menory, if rentlirei, is

the C?/M-86 operating system. Ir this crnfipiratiorn tbe

full range of C?/M-86 utilities, [ef. i1 anrd [Fef. 14] , is

available to the user. Additionally, developmnent of user

processes can make use of any of' the broad scope of

commercially available products compatible with CP/M-63e.

Figure 5 gives a repres-ntation of the locations of the

system code. The diazram includes the location of DDT-SC as

reouired for a debugging session. A developer cf user

processes shoild anticioate needinp this powerful detr-tggire

tool; the spac should remain reserved. flso depicted are

the locations of the MCCRTEX/MXTRACF loaders. Durin ?

load. loader memory Is not reserved, and care must t e tak',,

to erslure that a CMI molule's code or data section ioes not

ovprwrite it. It is permissible, however, to inclade tftis

memory as Dart of a module stack or free spare, since these

structures are developed at riodule runtime when load r

functions havp been completed.

2. User Processes

User processes may be located in areas indicated in

Fielire 6. Add itionally, if CP/M-86 utilities are not
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a call was made to the MCOFTEX scheduler ard the ite_st

oriority realy process was given control of the CPU. For

comnunicatior betweer Drocesses in local mnmory, no

interrupt was issued, a call to the scheduler was made

directly.

The use of the interrupt was inconsistent with th-

philosophy of switching processes only at "safe" points in

their execution. These "safe" points were reciuired Lecatjso

of non-rpentrant PL/I-86 user process code. An Interript

must not occur during a call to a PL/I proceiure that is

shared among multiplexed processes. Therefore, the origin6l

Le design had a design error which needed correction.

Also, the use of a preemptive interrupt to si,;na]

a pOssible cban-e to all real processors in a closter was

somewhat counterproductive. To cause all real processors to

be disrupted in their execution, ,1ist because as few as )r,,

virtual processor was mado ready, is unjustifiable. Fowe'ver,

this preemptive interrupt structure has been naintalrel in

MCORTEX in the event a high priority process i st b,

scheduled. A primItive known is PEE6PT, provides tis

capability. Thp PREEMPT primitive is the mechanism to

schedule time urient processirg which is vital in r.al-tirn

systems. P FEMPT, however, must be 1used caref'illy and

sparingly. Processes that are time critiial must only use

reentrant cole, so that when a return from the time critical
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eventcount or calls the await primitive risks surrenderin-

the C'tT to a hig er priority ready to r)n process. , call o

th, adva-ce primitive always results irn a call to t 'i

scheduler. If the callire Drocess is still the hii,!est

priority "ready to run" process, it will continue in its

execution, otherwise another virtual processcr will be

scheduled to run and the original process wil be htockdi

ready if an adva ncp o reration, waiting if ar Awi it

oDeration).

Tr the event there are no user processes in the

realy state, the kernel's idle process will run. Th's

process blocks itself every 4 milliseconds and calls the

kernel scheduler. If ary offboard operatlor caused d

onboarJ process to -e readied, as the only pricess ready to

run". it will be scheduled. The idle process is always

"ready to run", of course, but it has the lowest possible

priority.

This implementation of "COFTEX is a major chanp- in

thp philosophy of previous versicns, whereby a system

irterrupt uinder MCORTEX control, in coniurctior with

irterrupt flags maintained in GLCBAL memory, Proir id r

co ninlcatlon initiation between real processors. 01por

rec-iving an interrupt, each processor chacked its flap, in

GLOBAL memory to determine if the interrupt was inter'ied for

a process in its local memory. If not, the process

oxprutlng at the time of the interrupt ccntinuel. Oth-'rwise
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7) The 1I310 moves the rocpived frame from its rec-Iv-
a elle to host neiory. The 41I3217 preceeds t'e pac et
with a frame status byte, a n'ull byte, ard two bytes
cintaininp- the frame's byte length. After tran.,feri.
each latd byte, the DMA controller increr:ents th
address in the bhs address registers dinc de.r',ents
the byte count in the byte count registers. The '13 l
generates a receive-DMA-done interrupt when it
finishes transferring, the frame or when the byte c (,n
reaches zero.

(F) The host respords to the RDD interrupt by issjinv at
intprruDt code of zero, disabling thc interrupt frr'm
the NI301 board.

The determination of the order in whI:h r nm an s

are given is entirely dependent or the arclicatio. The 16K

byte receive buffer allows the host to redd this buffer (via

* RDP interrupt operation) at its own convenience. '1is

buffers the t ULTIBUS from the unpredictablp arrival times of

Interclspr traffic, conseouently reducing the time-critical

service reoiiirernents on the receiving cluster. In 'ontrast

is the 2K byte, single packet, transmit buffer. The host

system should strive to favor outbound packets to reduce the

processine delay by any processors in the cluster.

?. SOFTWARE SFT-VICFS

1. Operating SYstemc-

A copy of a kernel of MCORTEY resides in each

processor's local memory and is a part of the address sciac

of each local process. A:Iditional)v, GLOBAL memory is

accessible to MCO"ITEX to facilitatE interproc,-s5

synchronization. Processes are scheduled for execution hy a

kernel of MCORTE. on each SEC. Any rocess that alvanres ar
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(5) The N13C10 moves the trarsmit packet from host cemory
to its transmit buffer (only one packet at a tirn ray
be resident in this buffer). after acceptir, each lata
byte, the DMA controller increments the address in the
bus address registers and decrements thp oyte count I:
the byte count registers. When the byte cou,:it reaches
zero and its transmit register is empty, thn= ,113010
interrupts the host processor. This is a transnlt-7')A-
done (TDD) interrupt. The transmit data is now stored
in the transmit buffer.

(6) To transmit this iata or the Fthernet, the host issues
a Load transmit rata and Send conmand (29H). The 
N13010' carries out the command, reflpcti:n,' its statas
in the register. The host must read the statui .
register.

The following describes what happens when a receire

packet goes from the NI-501's receive aueue ',16K byte

capacity) to MULTIBUS memory:

(1) The host issues an interrupt code of 4. This enables
a receive-block-available (EBA) interrupt from the
N13010.

(2) The host gets a receive-block-available interrupt. 'he
host now knows that the NI3010's receive auPu? uas a
frame awaiting transfer to MULTIUS memory.

(3) The host writes an interrupt code of zero to tne
NI301I's interrupt enable register. Wrltinp this
register clears the N13010's interrupt line.

Note: Just as in the transmit process, t 15 Ft&e
ensures that the DMA controller does not start a
D1.A transfer as soot as the byte cu rt re PistPr
contains a non-zero value.

(4) The host writes the 24-bit MULTIT3US memo ry adiress
into the NI3010's bus address registers.

(5) The host writes the byte count of its MULTIBUS buffer
into the N130I10's byte count registers.

(6) The host initiates a DMA transfer. It does this by
issuing ar interrupt code of 7. This also -nmbles a
receive--DMA-done interrupt (RDD) from the NI3010.
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invocation procedures for this diagnostic routino is

rontaired ir .ppendix L.

Of particular importarce is the requirement to read

the Command Status Pe-ister at the beginning of any cole

that controls the 113010. This is neccessary because of the

power-up iagnostic that runs at system start-up or due to a

PULTIBUS reset. This automatic testing feature placp, a

value in the Status Register that must be read to clear the

register before any commands can le issued to the NIZ10.

The NI31 transmit process coisists of obtaining

data packets from shared data memory, via a DMA operation,

foriine them into Ethernet frames, and successfully

delivering them to the irtercluster bus (the "Ether'-).

The following describes what happens when a

transmit packet goes from MULTIBUS remory to the N13?I:

(1) The host writes an interrupt code of zero to the
interupt enable register on the N13010. Writirg this
register clears the N13010 's interrupt line

* currently set for interrupt 5).

Note: This step ensures that the DMA c)ntroller
does not start a DMA transfer as soon as the byte
count registers contair a non-zero value.

(2) The host writes a 24-bit MULTIBUS memory address into
the NT3010's bus address recistprs.

(3) The host writes the packet's byte count into the
NIZ1V's byte coint registers.

(4) The host initiates a D"A transfer by writing to the
interrupt enable register an interrupt code of 6.
The N13010 will now Interrupt the host processor when
it completes the DMA transfer.
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6

merely s-ts GLOBAI LOCv tn zpro. The ,rarularity of

lockinz by the kernels, is all of GIOBAL memory, i.e., no

two kernols have access to GLCBAL memory 51multanr-r asly.

Users have no access to GLOBAL emr.y, howe:ver

MCOETEX provides for user control of shared rpsoirres

through rlata held in gLOBAL nemory. Seauencers, located in

the sequencer table section of GLOBAL remory, are usf'd to

provide a turn taking mechanism. Each share(l resource is

assiened a correspondine seouercer. When processes reoilrP

a resource, they reouest a turn through the superviror:

function call TICKET, specifying the applicaule seauencar.

TICKET returns a number indicatine the callers turn at the

reouired resource. TICKET advances the sequencer valuie in

GLOBAL memory so that succeedin renuests receive hen- r

numbers. Given the s.cuatinn where a busy wait is not t-

be employed, a process reauestirg the resource then ma'-es

another supervisory call, this time on AAIT, prnvidinp- both

an identi fication of the resource and the process turn

number. If the resource is not busy, the pro)cIss k-1i

receive Immediate access, otheTwise the process -ives ti ,

CPU.

3. Process Integri ty

The lesipn of MCOFTEX relies heavily on user

cooperation for process integrity. The supervisor controls

access to the MCORTEX functions, but even this is a software

control and a process that irt-ntionally or inatvrtently
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destroys GILOBL data would be disastrous. hlthouph local R'AM

of a procpssor is inaccessible from MULPIBUS, thus prtertMd

from a rutaway process, common memory and siarr-l mencry

are not. Protection from this type of failure reauires

hardware protection not presently in the system. The low

cost of microcomputers howevpr, allows for redundart cack

uDu systems which can limit the effects of such fall r A lue

to a processor hardware fault.

4. Prcess Spchroni zation

Process synchronization is accomplished urer

MCORTEX through the functions ADVANCE, AWAIT, and PPEEMPT.

These synchronizing primitives are supportel with zhe

functions CFFATE$,VC, CFEATF$SFQ, READ, DRFNMCLUSTE7,

DISTRIPUTION$MPP, and TICKET. Consumer processes use AWAIT

to ensure that data they require is ready. Prodine,

processes use ADVANCE to inform consumers that a low

iteration of data has been computed. PVEFMPT is used hy cre

Drocess to directly ready another orocesv. This prP1ltive

is for activation of high priority system Drocesses of .3

hiphly time critical natire. A call on a -v. c!r",zn

primitive may, or may not result in rplinoishirp too CPU.

The CPU is always assigned tc the highent pririty ready

virtual processor on each board regardless of which
0

synchronization function envoked the scheduler (ex-pt for

PRFF"PT, of course).

5
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-efore using ADVANCE cr PWAIT, an evortcourt ru5t

be created usinp ,RFATESVC. Consum1ers and producers ther

communicate ising the apred upon evpntcount. The curri-nt

val'ue of an ever tcount can be determined through a call on

READ. The functions of CRATF$SEQ and TICKFT arp as

discussed earlier, but with broader applications.

The only entity presently distributed by MCOC TEX

over Ethernet is eventcounts. However, this feat,.re alone

allows distributed processes to synchronize. Thie manner in

which processes synchronize is no different that that

already discussed. The fundamental issue then becomes the

means by which an eventcount of interest can be made

available to a prodicing or consuming process.

Fventcounts nay be used in any number of

combinations. Producing and consumrn Drocesses Inay b,

resident in the same cluster, different clusters, cr mixed

'i.e., a producer and one consumer in the same rlster, with

* another consumer of the same data type in another cluster).

Processes are not aware, however, as to their own

distribution - they continue to advarce ever, tounts ard

await valves just as they always did. This transparency is

providpd through the primitives DEFI NE$CLJSTE1 and

DI STRIPUTIONSMAP.

DEFINE$CLUSTER is a Drocedure that assigns a 16-bit

address (the last two bytes of the destination field of an

Wthernet packet) to a cluster, and DISTPIBUTION$MAP causes
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the remote$adlr' field of an eventcourt name (see Tanle I)

to be assigned a value. It is necessary to stdtical!; mana,

the distribution of eventcounts, iist as it is necessary to

statically manage blocks of shared nemory for 1sr

processes. It is a decision that must be made by persornel

responsible for the development of AEGIS software that will

-un on FTC* under MCOPTEX.

A user process does not need to know the address ot

the cluster in which it resides, nor is it reoliired to know

the cluster addresses of processes that it 5yrchronizes

with. Therefore, rEFINFE$CLUSTER and DISTRIPUTION$MAP are not

primitives called by a i1ser process, but by a systerl

process that calls these primitives in its iiitializaticn

module. As mentioned before, evontcounts must be created

prior to their use. The convention of MCO TEX is that user

processes do not create or defire them (as a constant) ir

any way. The same system process that calls DEFI1.$CLL!STFb

and PISTR IPUTION MAP, also creates all user arid system

eventcounts and seauencers. Thus, symtolip name-, only are

us d by user processes at run-time and th Sys t enP
6

initialization module at creation time, provtdire a level of

security. It will be seen later how this security is evr.,n

further enhanced. The manner in which user and system

processes are created is covered in complete dstail i '

Chapter V.
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~. TnterDroce,-s rommunication

MCOTFX, at this stage of developmert, does not

provide any m-ans by which data (Droducel) can be

transmitted between cl'.:sters. Withir the same cluster,

however, shared data is storP4d for consumption in the 64K

byte FAM shared memory board. Any buffering of lata by 1ser

* - processes must be done explicitly. There is no dyna r.i r

allocation of this resource.

With Fthernet serving as the intericluster b15, with

eventual cata transfer planned, due consideration must be

given to the distribution of user processes within RTC*.

0 Processes with a high interprocess communication rate should

be located as close together as possible. W1'en this is not

feasible, a fairly high efficiency penalty will have to

be paid. The Wthernet is clearly the highest level bus in

RTC" and memory located at a remote cluster must be viewed

as the highest level memory in the memory hierarchy of RTC".

As such, a ronlocal memory access should be avoided as Much

as possible, but it will never be enti rely avo i abIe.

Clearly averae memory access timps will drop as the iate 2f

local memory references increase. In a distributed system

such as RTC* . the norlocal "hits" on memory should be kept

to a minumurr. To reiterate, if hig h volume comr,,inicating

processes can POSsibly reside in the same cluster, then they

shonld be so located.
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B. ETHrMNET CCESS

1. Cluster Iriut/Outout

MCO;TEX must provide a means to trans-nit copies of

values of eventcounts to a remote cluster. This operation

must be entirely transparent to vser processes, s'nre tpey

have no knowledge of their distritutivity.

Fipiure 7 illustrates an abstractiorn of the flow of

data and control signals necessary to achieve a transnjssiort

over Fthernet. It embodies the principles of a floe chart,

as well as an abstraction of processin-- nodules and control

signals. Refer to Figure 7 for the following discussion.

The user processes resident in either SBC 1 or 2 advance an

eventcount through the ADVANCE primitive operaticon. The

ADVANCE primitive makes a detprmination as to the locality

of the eventcount and calls the internal routine SYSTEMS10

only if the eventcount is distributed, i.e., a remote c.py

is reeled at arother cluster. The SYSTFM'$1 rolutine makes a

determination as to the eventcount comrnunicati'n ath

(currerntly the only option is Ethfrnpt). Sirc;, the )ath i

F7thernet, the SYSTFM$IO rnutine writes an Ethernet ''.c I-zt

"ac et (FrP) to a circular buffer in shared mpmory, knowr

as the rtherret Reo'est Ilock IFTFP).

As a shared resource ariong MCCYTiX kcrnmls, an r P

slot in the FFP must be arbitrated for. The TICKET mecharis,,

i5 emploved In SYSTEM$IO, ani the circular buffer (RE)

contains FRP's that must be processed. The SYST FNSI routine
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increments a system rpserved eventrount (ERE$W.ITF) to

rotify the %13(71 Device Driver and Packet Processor that an

ERP has been written. This "alvancing" of ExB$WITE also

allows any other kernel Pxecutinp the SYSTEM$I3 rotine to

continue if it was attempting a simultaneous write to the

P'B. The NI3010 -evice Driver ani Packet Processor

(hereafter referred to as the Driver) is a cons,!,er of EIP's

and also processes Etherret packets received from c th r

clisters. As a consumer of FRP's it is a syste- trocess of

a cyclic nature that is scheduled in the same marner as is(r

i rocesses. However, this routine is dedicated to Ii 'h

density I/0 operations, and as su'h is never blocked. In tbe

highly unlikely situation where there are 1o EFP's to

consume or packets to receive anl process, the Driver liIrs

in a busy wait."

Currently the only type of ERP to be processrd is

ar 'eventrount type', whose format is showr in Figure S.

41301V Driver decodes the FRP and based on the informatio, .

Byte 1 Byte 2 4yte 3 Byte 4

Fvertrount Fventcount Value,
Type Name

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

Figure 8 Ethernet Reauest Packet Format

it sets ur a transmit-data-block in shared memory. In fa-t,

this block is the Fthernot parket, less the 64 bit prearrblr

6.1
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anJ 4-byte Frame Check Seau:enre (FCS). The Driver thor

initiates a Transmit-DVA-Done'TDD) operation to transfer the

block to the trarsmit oueu' of the NI301. The Driver

follows up the TDD interrupt with a Load and Send commari

(29H) to the N13012 directing it to transmit the Packet over

Ethernet.

Inbound packets are Processed by the Driver

through the leceive-Block-Available (RBA) and heceive-TMA-

Done (ADD) oDe-ation seevence desribed in Chatter 3. PYe

Driver favors outbound packets, to avoid the possibility of

a bottleneck due to a 'clo ir.p up. of the FRP. .h-, it

does set up for an REA interrupt, it will cortinup to th",

conclusion of processing the packet received. Follnwin th;

DMA of the packet to the receive-data-block area in shaicO

memory, the Driver decodes the data fields of the vaket

(Figure 9) and calls the appropriate MCORTEX synchronization

primitives. The Driver continrres to operate in this manner,

determinir, via an eventcount value (incremertel by

SYSTFM$TO) whether or not an FRP exists in the FRE thit

reels to be prnressed and in the alsence of one receives

inbound packet for processing.

The truly asynchronous nature of the Ethernrt

service should be apparent. Once SYSTEMS1O leposits an FP,

it returns immediately to the user proc~ss. The user process

is not hell un in its execution due to a transparent renriest

for system Input/output. The Ethernet Request Packet Is tnr,
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embodiment of the reouest, and in different forTs is ;assed

betweer vari ous clusters of ' TIT . It conta.r:s a11 tho

information needed to perform the operation indeppnlently cf

the reauestina process.

C. PACKET 7OUTING ALGORITHM

Thus far, all illu-strations and discussiors n f TC 9

pertained to only two clusters, but this shnull not te

corstrueJ as a limitation. Given that more than tio

clusters car exist In RTC*, some methodology must exist to

route packets to as few as ore and to as many as reeded (uu

to the rnaximui clusters that exist).

The established convention is that no clster will st-r I

a packet to itself. If an eventcriunt is at-vanc1l that

reauires a local update and one remote update to o

cluster) then only the local copy will be uidatpd and rnly

the cluster that is to receive the eveitcount value w i 11

receive a packet. This clearly reduce; need lss ar Ft

orncesin at a cluster that has 1o interpst in that

evertr-otrt, i.e., there are no producers or ronsrsers

interestel in its value. Therefore in algorithm. had %o be

developed that selectively eliminated packets from bpin-

transmitted to an inappropriate cluster.

The NI7l' has an packet adiressln, rode kncwn as G'OUP

addressini,, whereby rulticast addresses can be loaled into a

-ultlcst addr-ss table orboari the NI3V1. Pr ovdq t r i
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table is loaded prior to NII,1l use, any pacKet receivP1

that has bit. 1 of the destination address fiei set to Ine

. the first byte is odd) is interpretea as a mlultiast

packet an a lookwp is lone in the table. If a match of th -

destination address is found in the table, the parkpt Is

loaded in the Nl,!1, 's receive aueue. If the Driver (Fi '-re

7) enablod an RBA interrupt, the NI3?10 will iss:le ar

interrupt signifying that a packet has been ieeeived for

this clustr . . he Driver will thon process the pa7'-t

accordinply (format shown in Figure 9).

The Driver programs the NI30I to accept GROU' address-

in its multicast table, dependinr on the distributin of

Pventcoints in PTC*. The Drivpr (Appendix K) has a modial,

DATA FIELD

Byte 1 Byt P 2yte 5 3 yte 4
------------------------------------- ----------------------------I I

Packet Type Value
Type Name

F(VC) (EVC ID)

* - Packet is decoded based on

byte 1.

Figure 9 Eventcount Type Fthernet Packet

that reals the local cluster address and grouo addresses

from a file called "adiress.dat" . The local clister add r-,5,

is used to set up the physical address of the NJ;501(1 sPP
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IRef. 121 frr details). Any packets on Ethernet that has

nre of the r-roup adiresses or the physical aadr-ss in tho

destinatior field is received and processed.

For pacets to be transmittPd over Ether-tet. on lJ the

last two bytes of the destiration field is pro,,ra-'ate.

This minimizes the amount of data that m.ist be raintdin d

ard manipulated for packet addressinRg. The remot'Sadlr

field in the VVFNTCOUNT TABLE in GLOBAL memery contains th(;

two bytes.

Fiu'ire 10 contains an examole of a loic-al connrtion rf'

clusters (they are all physically connertei by Etternet)

dependet on the distribuitivity of the eventcourts. Thb

lines, with numbers adjacent to them, renresent a

connectivity relationship of classes of data who.,e orolucers

and consumers synchronize on certain eventcount values. The

vertical dotted lines represent a partioning of process

types and group addresses, shown below the clusters. The

number in the cluster block is the physical ad.lrpss f ea,.

cluster. It car, be seen that a pro:lucer of Tye 1 a,

consumer )f Type 2 data, and a consumer of Tvp, ') iatc ar-

all presert in cluster 8. A logical connectivity existc

between all cllusters as a result of the Type 1 uata Ty p' I

consumers exist at clusters 1,2, and 4). An 3-'varne by

nrolucpr P1 must cause a Dacket to be sent to clust,,rs 1,-,

and 4.
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P1 - Producer of Type I1Data

Cl - Consumer of Type I Data

Figure 10 Ethernet Packet Routing
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Corisi e r t le loi c alI ci-nnectivitY o" a cr ti n

t Ir tr rt t b- r Fur Ps e rt l b~y a b ir.,3rY ?p a t Fa rh

ius te r it corrects. Therefore, "or the T.Yue I r-ntco'--t

the 4 rluster corectivl tv would result~ in 1111 basq-2 cr F

base-is . Py performnine an excliisive-or OUration on AFC

wi th t he producer's own physical aidress 'k 5asp-k5,

t h is ca s p a resuil t o f 0,0 ' illd Ie f ()rm ? d. loI

cons )re rs at cluistprs 1 , ?. and 4 are i riteres tp~ in T.yp 1

qa t a te 131 Dri ver mu st jr opra ri 7 0l0V ? C, t'-

mejl i cast table. I n r eal1i t y the address <03-0-0A~-~ 0"

6 bytp's in length, first byte being odd) would appe ar as an

e-ntry in the todble.

Continuing w it h this examnple, c'-)nslider t he, Tyvoe 4

connectivity. The binary connectivity is Will ana ty

poerfOrminR an exclusive-or with the valup VOVlH (aliress o-f

clIus ter 1., where the produ cer is; present) results in ?I!

Thep NW301' at clusters 2 anau 4 must have<- -V -? -tf

in the mul tirast tahie. All othePr val,:es shown in ierI'

arp 1erived in an analap-ii- manner.

Th- -rr-w-tealler" fic) l of an ,Pn~tc-unit ort '

bins~ ria- onnpc t ivi1t't discussel atnvp. T'it ADVA '' )qcI2r

o f vCOT FY IfrOS a test to SeP if te rPTemo te$ a Idr f ield is

RouivalenS to the "localScluster~a~I(r- "as tef ined by t 1e(

DFFT 1 FS CLITS TF p rimitive). I f tvhey -ar e t he F., C t n ,

SYSTFM IO is not calld and irtrarl~istpr pr nc r:sin k

o r i n s. I f t r) y a reF not. enuivalentr then ,n e~cl isivin-or



V1. CONCLUSIONS

The principal goals of this thesis were achieved. The

modiirations to the previous version of MCOMTEX, to allow

the distribution of processes over a high speed intercluster

ous, were developed and appropriately tested. EvPntccunt

values are currently the only entities that are trarsferrep

in pacKet form ov:r Ethernet. Fowpver, the framework to

easily exterd the distributivity of other entities is

established.

From the viewpoint of user processes, access to

Fthernet is Paired in an entirely transparent manner. This

access is truly asynchronous in the sense that a return to

the recuestire nrocess occurs when an Ethernet Rennest

Packet Is wrltten to shared memory, not when actual output

of the information occurs. Provided the N1301? Driver and

Packet Procossr keeps up with the I/O rate, a bottlpeeck

will not result. The dedication of the Driver to its owr.

real processor assares this.

Thp D,'rver software needed to dlstribut- YCO.THX cv'-r

ithernet is device-depenlent, however NCORTEX only

interfaces with this routine tnrough the corveniprt

abstran ton of al Fthernet Reauest Packet. Any changes in

the Driver will not cause an undesirable ripple effect of'
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cre t io n of' t-s IP)LF ar'i PTp-ocesses 'also c \U; wt

/XTP.C', ani e user initialization Drocess is te

ertoFrea. Ot e-attzr after this poirt is ieter'-inei ryth

user pr,,ce sses.



*~~~1 -C Y.f .- z'-v- -

KQ7F.TC and r4COPTFX or MXTRACF respectively. When this

nenerdlizatior does not hold, the 0ifferences will be noted.

2. Operation of the .COBETX Loader

MCOATFX.CMD is an executable file under the CP/M-&W

operating system. Invoking MrORTFX without KORF.OPS on the

default drive results in an error message ard an ab-uqt

return to CP/M-S6. MXTY CE reamires KO1'F.TIC. Pne loaler

announces that it is on line, and provides a promDt to auery

the interactive user whether or not GLORAL nemory snouli re

loaded. Only the first processor activated should load

GLOBAL memory. Subseauent loads of GLOAAL memory will

destroy data needed by executing processors. If no initial

loai of GLOTAL memory is made the results are urdefine?.

KOPF is immediately loaded with or without LUM,

memory as directed. The load is accomplished using CP/N-W

functions, but does not use toe CMP load utility. Instai,

KOPT is read in and positioned blork at a time as renirod.

KOPF load is followed by a request for a process file narrp.

The loader exrects one file rame to be enterel, and rpsy:ls

are unprelirtall if a "fiiename.filtype ' do-s n~t prprie

a Veyboard <PETUPN). User processes are loaded usin7 !h'

CP,/-s 2MP load utility, and uner processes must be C4Y

files. The entire file namo must be entered inrluding the

three letter extension nr filptyvp (.CMP). After loading

the user file, the loader passes control to "COP-EY.

YCHRTEX initializatiors are ywrfcrr'el within KC V . icludinr
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F. QCCVTX LOAN!F

1. The Loader

Prior to Rowe's [Pef. 61 work the MCORTFX eypcutive

was assi-nel to the file KORE and was accessible only

throuh utilities in the TNTRLLvC MDS system. This file

contained all the multiprocessor operating system functions,

the initial GTOPL memory, the supervisor, the interruot

e;ctor, and various low level functions rot accessible to

the ,ser. To execute MCORTTY it was necessary to download

YCQE and user processes to the target system, disconnect thr

transfer cable, connect the target system terminals, and

pass control to KORE on each processor. See

[Ref. 5: kppeidix A, 3] for a complete description of the

process.

The KOFF.OPS and KORF.TPC files, now loadable under

CP/M-86 through the MCORTEX and NXTRACE loaders, are derived

from YoDE. KO1?F.OPS provides no system diagnostics, whereas

KORF.TRC Drovides CRT output to indicate the entry into

"COTEY primitives. It is expected that during the software

development uhasPs, KOF.Th will be used to facilitate

deb, gir. In some circumstanaps this may not be feasible

due to the reduced speed of execution as a result of' the I/O

overhea1.

Appendix A details the procedure used to produce

FOE.OPS and KO'F..TRC from KOPE. Further discussion will

use the terms KORv and MCORTYX to mean either KOWE.SPS or
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GATFMOD and GATFT.C both act as translators of user

calls into fornats reauired by the MCO.iTEX and MXT'ACF

supervisors respectively. The only differenre in "ne two

zate nodules is the address of GATF$KEEP7Q in their

associated KO7Fs. As assembly larguage routires called by

PL/I-S6 MCC.TEX processes, GATEMC0D or 0ATETRiC use -he

established parameter passirg conventions (PL/I-b. to ASY f )

to build the stack stri.icture rxpectel by thr. s.iervisnr

'"1odule (?L/ - fornat), sltpDlying function codes ard

Datiding wheii recuired. A call is thpn radl to ;AT SKFEP£7.

If the call is to F.EAD or TICKET, space is reserved on the

stack for the returned value. This value is poppel Into thr

FX register (Pl/I-86 ccnvertion) before exitire. to t 'e

calling vroces,.

KOPF, functions do not guarantee the integrity of

the ES register. PL/I-96 in OPTIONS (MAIN) initializations,

however, establishes the FS, SS, and PS regist-rs to be rf'

equal value, and some runtime routines exect this

relationship tc be maintained. The gate ntdules pish the FS

reister -,,to the stack on entry, and pop it beforP return

to the callir routire, thus prsserving its precall value.

v'ntirely transparent to user processes, the FS reeister

value is preserved throughout r'COhTFX calls.
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,btained by addinp its size to the SP of the previous

oroness. The system stack can te divided as necessary ty

rontinuln, in this manTer. The total number of bytes

occupied by MCORTEX nrocess stacks should not exceed the

number of bytes provided by PL/I-86 for the system stack.

The MAP file also contains maps of the individual

modules linked into the CMD file. These maps )rovide data

about locations of code and data segients within the larder

cole and. data segnents sunmaTized in the segments section.

'he beginnine adiress of each module is given. This offset

represents the IP value for that particular module.

With all parameter values determined, the

initialization drocess mist be recompiled, and all processes

relinoed. The resulting CMD file can be executed in t~e

MCORTEX environment.

2. Gate Mndule

GATEMOP.OBJ (or GATETRC.OBJ) must be llnked with

all user processes. It. provides tte object code necessary

to convert user calls to the format expected by thP

sunervisor, includinp addition of furction codes, and

paddirg, of calls with extraneous parameters. GTEMO)D uses

no variable data segment of its own, and simply makes moves

from user data areas to the user stack. This ensures that,

so long, as the user data areas involved are unshared,

GATFMOD is reentrant.

7 F
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The Ch ETE _ PROC procedure has eight act1:al

,a ra-neters. The first two are process identification and

process priority. These are BIT(S) values assiprel ry. "n

software devploper, with due consideration qiven to the

module's function. Four other oararreters, the CS, DS, SS,

and FS register values can be determined by Derforminp ar

executable load cf the process CMD file under DrTF6. Jalues

disolayed by T)DT86 include the CS, and DS register val',es.

As mentioned -arlior, it is required that the DS, SS, an( -, S

register values be eaual for proper operation of some ?L/I-

86 runtire routirnes. Fcept iirder carefully consld-red

circumstances, this should be the case. The remaining two

parameters are pointer values obtainablf frc. the lirk AP

file.

The first section of the MAP file gives a summary

of all code and data segments included in the associated CrD

file. Several data segments are listed in order of their

,ciirr,nie in memory, from lowest cffset to hiphest cffset.

The -e of the last entry gives the last address offset

icclui d bY any data segnent. Highor address (ff',,ts still

-* within the memory space of this CMD file are assigned to

stack and free space structures by PL/I-e6, with the system

stack preceding free space. The SP value reaiired by the

* CPFTFPOC function can be obtained by aqriing the size of

the stack reuuired to the last offset occupied by data. If

another MCOTFX process stack is rouirpl, its SP can be
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I'ABLY 2 - AA? FILE

('2 ap for file: C2USWPS.CYD

Sepielt s

Leng~th S t art S t op Plign Com b Namp Class

272D 1000':0-2731) PYTF PUB CODP CODE
050F lov~oo-o6o) 'AC'~ PUD DATA D)ATA
??721 NACO ?6 F-062E) WOR D COM ?CONSP DLT~
'1l 3 ?,V :0630e-0642) iO'4D CO" ?FPDSTK DATA

7'2 ?":064 4-06? 1 WOED COMA ?FPB T) ATA

J?2 (000:0672-0673) WO iD C OM ? C Nr7C L DATA
0 ~ 0V9 000:0674-067C) WORD COM ?FILAT D ATA
P ( 2CO:'2)6F-068t) WOHD COM ?FMTS :) ITA
0301B i~- s ORr COM ?FBUFF DATA
0003 (0090:06A2-06A4) 'XOHD CCM ?ONCOD 'DATA
0025 %1?V:6A6-V6CA) WO-tD M SYSIN DPA
3029 (10:O;CC-06F3) WORD COM SYSPRINT DATA

?,roups Segmen ts

CGROUP CODE
DGROUP DATA ?CONSP ?FPBSTF ?'WPB

?CACOL ?FILATr ?FMTS ?-;BUFF
?ONCOD SYSIN SYSPRI'JT

* map for module: C2 _USERS _INIT

0024 (C0 :P0?5-?c?28) CODE
003?~5 (i01:00-0i 36) DATA

map for module: MSLORDER

003D M1 013iE-0172) DATA

rrap f'or ~rdule: TPKPPRT

0032B (OOV:ODF-0108) CODE
0012 ',000:0174-0195) DATA

0map f'or module: G TEM/T

7103 '09:0109-020?) CODE

004 ~000V:OE6-012) DP TA

S7



user process executed, and it used to create user prorespc.

rnly. r syst y process written in PL/I-6 can qso its

intialization mnulp to create eventcounts, Seuuenrers, as

well as creating itself. After all initializations ore

performed, an PWAIT(' Bd,' "4) should i,' executed.

This puts all initialization processes on a coyT:on reserv&

event count threal. An APVVkWJ'F7'B4) by any process will

return all processors to CP/M-RE -ontrol (Drovilirg CP/M-Y+

is residert locally).

rCO!TFX processes are written as parameterlps5

PL/1-86 orocedures. Execution cf CREAT _?ROC functions in

the initialization module establisnes a virtual pr-cessor

for eacy process, and sets all process states to ready. The

AWAIT call at the end of initializations forces a scheduling!

to take place. The highest priority virtual processor will

be granted access to the real processor. Further scheduling

is dynamically dependent on the use of MCORTEX synchronizir

primitives by user processes.

Parameters requirea by the CEPTE ?:OC function

inclide vales unknown to the pro.ramner until after all

nor~cesses havp been compiled and linkel. This requires that

dumiy values be provided. for the first co-pilation and

linkin g iks are pei formd with the MAP command optior

* selected, since this provides information reauired to lefine

user processes. P partial r'AP print out for a e.mmstration

process (full discussion in Appendix F) is shown in Table 2.

S7
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theT selves at 'onveniert 'Points ir treir executio!n w,, to

the A.,IT oriritive), this lack of r~Pntrarrc: is not a

;roble . Tn trevious versior's of -COTX. wit the

preerptive interrupt 4 to sirify that a process has beer

readied by an offboard oneratior, the interrupt could easily

catch" two m, ltiplexed nrccesses using the same non-

reentrant runtime routine or utility. The change in

scheduling philosoDoy, as discssed ir the SOFT.:E SE:,VIC7S

section of Chapter 3, reduces this wind iw of

vulnerability. If a process is scheduled, via a P, EEMPT

operation 'which still uses interrupt 4), behind a process

that was blocked and using, the same runtime routine or

utility, the originally scheduled process'5 execution state

could be catastrophically altered. This type if 5ituation

can be avoi!ed throuph a careful listribution -if user

processos. That is, dcn't allw a Prorcss that may t

reaiiel !ia a PREFMPT overation to he -liltiDlepxa with. a

0 jrc Fss that might prssibly .itp " sar, Ailitl-s -r ° I/

ruintiime routir.es. If this ran not L P &I'I1 0 1 , - - ,Iv

remai r g altArnative is t W r eite f7 S 1 V 4, e c

reentrant v r-'-edures. It is a)ntirlpat d "hat fr tIra,' Iigtal

n esearch, In. lanr.uaqe cof, i lPrs i r CP/ --( orat i r

systt em finrtions will address and r-,scl'.,e this ac k of
0

reentrancy. For row, it remains a vreble-.

MCCriT7X currently -xp-rts an initialization modulo

to re loratel startin.' at (43921. This modulp is the first
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allow 1ser Drocesses tt access shared memory outside the

64Y byte ran-e). without rPsorting to assembly lania-e ccle

to effect data roves. The APSOLUTF feature of LINJK-86 [1Hef.

181 provides such an alterrative. The DS rezister can be

assigned a value (by using 1PTA [A1S[v]l , where v

represerts the value) sufficiently high to allow an offset

to be added to it at runtime, formia,- a physical aldras,

in the ranpe 10000 H - IFFFFH ffirst seement shared nemo ry

This accomplishes the desired effect. It Is pre-isely this

technique that is used in the NI311 Driver. The Driver was

Iinked with a value of qP-,H in the LINY optioi file, ar d

when addei to an offset of 8VRH allowed access to a nasoq

array structure called F7F (Ethernet Reauest Ploc). Note

that VqBo:8('? Is the same as 190:0 , but the first logical

address permits local data to reside in local memory and

shared data in the first segment. User processes can usp

this sane technique for interprocess communication.

MCORTEX prncesses that are mul tiplfxd

'ul t iTro.-rammed) on ore real processor must be linked into

a single CMP module. Multiornk7rammed prncesses may hare

comrorn PL/I-E runtime roiutines as w Pll as CP/,--F

utilities. However, this sharing of runtime rnutinos ar!

utilities presents a problem. Careful examin:atior of the
0

machine code cf the runtime prorelures and utilities

revealed the fact that they are not reentrant routines.

Under normal circ.2mstances, since processes only block
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One such mecnanism is the file GATFAPY.PLI, as referrpd tn

by ow-, ard now knowr as the SYSPFF.PLI ifor Syste-

7 efinitions) file. This file must. t;e included in all

prrgrams (usirg the PL/I ,INCLUMj directive) makin, rills ar

*mCORTEY fanctions. The change in filename was introduced

, as a result of this file's multifunctirn role. In addition

to declaring the MCORTFX functions as ENTRY values with

attribute lists, the file also contains the symbolic names

of eventcounts, seavencers, an pointers for shared late

structures. This adds a levpl of security not yr-sert in

previous versios of MCORTFX. The misspelling of a symtolic

rame will be caught by the comiler as the use of an

undeclared variable.

Pn example of the use of pointers to access a data

structure in shared memory is provided by the 4I3011 Device

Driver and Packet Processor. This routine performs an UNSPFC

function (described in [Pef. 17 P. 721) call to absolutely

locate the Ethernet Reauest Block structure so that it can

cons ,re Ethernet Reaupst Packets .enprated by KOWF's

SYSTM ICG routine. The value appnarine on the ri.hthanl v.ide

-f th- UNSPFC assignment statement is a symbolic rang

defined in the SYSDVF.PLI file. Proper static managpment of

shared r-mory, with symbolic assinments, assures the
0

inteprity of user lata.

Due to the limitatio- of pointer variables to

sxteer bits in PL/I-P9, some method had to bp devised to
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V. PROCESS D7V7LOPMF'J" k~YD TI{J: MC"Qi:TFX TOAD>-

A. POCFSS DFVFLOPVFNT

1. PL/I-8F User Processes

5owe [Pef. 6] is -esponsible for tte irteeration of

Y'CORTEX into the CP/M-F6 environment. Althoigh his

disc ssior of PL/I-96 user process development is more tnan

aleouatp, enouph changes have been made to warrant another

discussion.

Procedures written in. PL/I-86 become MCOFTHX

processes thrrugh execution of CRFPTEPROC functions.

MCORTEX processes, though written, rompilei, ard !irked as

PL/I-96 oroced'ires, are distinct processes. Yach reouires

the statp of the processor to be prepared by the MCO TFX

executive orior to every entry into the process. This is

accomplished transparently when maki. 'COPTEX function

0 ca]ls. User-defined or built-in PL/I-P6 procer]ures in a

COP iFX proress can be accessed from within the oro-ess

nor-ally, however, a MCOO'1'FX process must be enterel tnro'J.h

a t-'CFTFY function call.

KOPF is the name assigned to the kernel of M4COkhTFX

and is written in PL/M-96, and it is necessary for calls to

0 the supervisor to meet PL/M-86 parameter passin-

conventions. Rowe [Ref. 61 prnvifed mechanisms to resolve

differences betweer si-nDle user calls and supervisor calls.
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operation is performed cI tho remotfe$adar fi 11

:re-,ote$aldr XOP local$cllster vddr) ard the res ,ltart tw o

byte value and appropriate eve n toun t infcr rrma tIon is

written to an FRP. The NI3,112 Driver ieotreues the 'RlP ir..

forms the appropriate packet format (Figure 9). initiates

the DPA operation to the NI310. au:2 issues the LoaJ a n

Seni operation.

06
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rharnes in thp operating system cnle. This integration of

harware anid software is easily modified and extensibie.

The rreation of eventcounts and senuencers in t.

initialization module of a carefully testeU system process

orovide a level of security not present oefore. T his

security is further enhanced by exnanding the role of the

SYSLEF.PLI file that is included in ,_ach MCORTFXA process. Py

conventior the user prncesses cannot alter the constant

Idefinitions present in SYSDFF. The user proc-sses are not

hostile anyway, but it will clearly not be to their

advantae to alter this file. The assignin, of pointers for

shared structures further elevates the level of security.

The N13010 Device Driver and Packet Processor is a basic

,CORTYX system process that is highly modular, virtually

self-locurenting, and extensible in nature. Fy modifying

this code and the supporting code in MCORTEX, the

distribution of other entities can be achieved. The

distribution of senuencers is a nontrivial matter and

careful corsideration must be viven to the speed at wnic, a

-icket value i, returned to the reoui stinn cluster. Ethernet

packets will uravoidably be ouen;ed up in NJI3M' inpot

nuffers, ani the speed in which they would be processea cy

the current !river is fixed. A sequercer-type pacKet ,not

recoanized by the current driver) would b2 processed

immediately by the Driver, i.p., a value would be returned

fror the GLOBAL data of the cluster responsicle for the

Y_2
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shared rpsource, and an Wthernet packet would be sent cut

im-d ia tely.

The distritution of user shared data could similarly be

achieved, with the bufferirp of data in the shared memory cf

each cluster. The synchronization on successive interations

rs of data would be realized in the same manner as previously

discussed.

The issue of packet security is a crucial one. The

inherently reliable Ethernet is adeouate in most instances,

but a one bit error in (10 ' E) to (10 -' 11) bits could ee

catastrophic enough when it occurs, so that an

S"acknowledging Ethernet" may have to be developed. Enough

adecuate testing has not been conducted in the AEGIS

Simulation Laboratory to draw any conclusions in this area.

The lack of reentrancy in runtime code and CP/M-b6

utilities is an issue that needs to be more actively

addressed. A LARGE' PL/I-8C comriler is under development

by Digital Resparch, Inc. that should. resolve the reentrancy

Droblem ard the limited ra nee (64K bytes) of pointer

variables. This product should be available in January 19H:.

In adlition to solvinp the aforementioned protlems, the

LAPGE compiler will also sever the umbilical cord between

the ISIS-If and CP/M-86 operating systems. McOnTEX

development can then rontin ue in PL/I-86 instead of

PL/-96. MCc3TYX will then evolve rapidly and consistently

with increast r.ly rrore complexuser processes.

E3



i'.' 2. ..

APP"ENDIX A

ISIS-II TC CP/M-Pe TRANSFE-t

I. PRE-POWFR-ON CHFCKS

e. SBC confiured for CP/M-86 cold boot is ir VbLTIBUS

odd slot and no other clock master SEC is instailei.

B. RF'FX controller is in MULTIBUS, ani properly

connected tn RFMEX drive.

C. If MIC(iOPOLIS hard disk is to be used, ensure ,tait

it is connected to clock master SEC.

D. Ensure 32K shared memory module is installed.

F. Connect RS232 transfer cable between J2 on SBC, and

24CV baud CRT port of the MDS system. If this cable has a

null modem* switch on it. set it to "null modem" . This

transposes wires 2 and 3. The switch may be marked

computer to computer and computer to terminal.

Set to computer to computer

F. Connect any CRT to the 96VO baul TTY port of toe MLS

system. Fnsure (iT is set to 967V baud.

G. A CRT will be connected to the SC after the loading

• is completed, ard should have an KS232 cable nooket to the

serial Dort. The CRT connection should lead to a flat 25
0

wire ribbon and J2 connector so it can eventually be hooged

to the STO's serial port.
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I I. P(4F (:' PROCFDUHiES

1. T.,rn the power-on key to ON position at tMUL'I13US

tramle.

B. Press .ESFT near power-on kPy.

C. If needed apply power to MICROPOLIS hard disk.

D. A pply power to RFMFX disk system. After system

settles, put START/STOP switch in START position. Followinp,

a lpngthy timp-out perioi, the FADY light on the frcnt of

the R ';X itsk system will illuminate, and the system is

r e a y.

F. Insert the boot disk into drive B.

F. Apply power to the CRT.

G. Power un the MDS disk drive.

H . Power up the MDS terminal.

I. Turn power-on key to ON at MDS CPU.

II. BOOT UP MPS

A. Place diskette with executable modules ard SICE61 in

irive ,q.

B. Push ,ipper part of boot switch ir kit will r-ain jTr

that position).

C. Press reset switch ani then release it.

D. Wher the interrupt light #2 liebts oa the front

panel, press spaco bar on the console device.

F. Reset the boot switch by piishirc the lower part of

the switrh.

SS
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F. ISIS-IT will arnounre i tself ani e Ve e

-rompt.

I V . LOAD KQv

A. At MTS console, type S9C££I<Ck .

P. IF "*CONTROL* appears, SBC was nct able to set its

bard rate. Press RFSET on MULTIPUS framn and try a.air.

C. If Pad FADS connection appears, yon wi i not up

able to continue. Check cornpctons. Make surp lisketto A,

not write protected. Push RFST at frame. Try a-ain.

D. SPC8Fi will annource itself and prormpt with

E. Tyre 'T KOR<cr*. Wait for ". At this point tv_?

KORE module has been loaded into thp SBK memory, anrd into

the common memory board.

V. SA.VING U !F TO CP/M-a6 FILU

A. Leaving the SPC86i process active on the KDS sy5stem,

disconnect the PS232 J2 connector at the SBC, and cor~n'ct

the terminal oreoared earlier.

B. At the nowly connected terminal type QFFD4:,Ucr

The CRT will not echo this entry. Respond to the cues hat

6 follow as repiirpd until CP/M-86 is up.

C. Now enter DDT96. At this point KOTE, CP/4-86, ar

DDT06 all are resident in the SPC memory anJ in the K2K

shared memory board.

D. Usin DT6 commands, reposition the Darts of KOE

reu:ired so that the cole can he saved into one file. 2at.
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necess~ary to determine the initial locations of tht2 cci- is

fcidI n KO F.MP'2. Tho DDTQ instTKuctiors 'J5 t' lflF

current KOR7.OPS air. KORF.mTRC files follows:

SK,)hF.rlPS '

MB70:0,l'A .1RO:9 Move, start,-ni7 at allress P'.1~

1N( bytes of' rode (main part of KORF) to new start ad Ir-,s

4991: 0.

M432MoveF 5 'sta rt in, at, a id re s 4-59:;,

bytes of rode init lalli 7tiOP mo'hile ) to new start add deSs

58B7:0 (followirp main part as mroved above).

MF ,0:0800.8P- Move, s-tartinp at adress- F53?7:0,

RBe bytes of rode (GLOBAL memory) to new start address E:

following! initialization module).

WKOFE.OS .4P30:,1SRO *) Write to the detaalt disk, a

file called KOBP,.OPS starting at aidress 4L&O:' anid

containir, 198 bytes.

*.-KORP.TRC ':~

M A C' COOPV: Move, starting at aidr'nss 1C, :C,

1COO bytes of code (,1ain nart of' KORT) ti new starti:u'

adIress 4SO:P.

*M4179:0,F(IF)4:O :4** Move, startinp &t addt'es ;-7,

bytes of' code (initlali7dtlon module) to irew sta r tirPg

address 610:0 (followine main. vart of KOHE)

ME53:0,OO.49: Move, startin,; at addJress E5r'C

200 bytes of code (GLOPL memory) to new starting- adliess

F4P:O (followirp main KORFIE . inlttallaztiorn dA~



WKORF.TRC,4S0:0,24 : Write to the dpf'ault isk< l

file called KOF-.TPC startlry at address 4,?:? ard

containing -4R bytes.

NCTE: The main KCRE mndulp, the initialization r,,oduIe,

and GLOBAL memory are located to seoarate parts of the S EC

by the MCORTPX loader. The system used rotuires that ttese

modules be saved into the file in 12P byte bloc>,s. Furthri,

any change in the number of 128 bytP blocks occ ipi'1 -ach

must be reflected in the MCORTPX loader code.

9
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APP7NDIX ?

DEUGr TN TFCFNIQUS

DDT96 [Ref. 131 is the primary debugging tool used in

software product development in the AEGIi Sirulatlon

Laboratory. This debugser allews the user to test anA 4etu-

programs interactitely in a CP/M-86 environrt. Far fr-m

A bein a high level debuq.ing tool, DDT86 nevr-eles-

provides the user with the ability to interactivel7 ent r

assembly lanp'.a.e statements, display the contpnts 4

* memory, trace program 'execution, arid utillze oth-r commands

to provide software development assistance.

The use of DPTR6 in the develonment of the NI30,1 DfevLcr

Driver and Packet Processor was invaluable. Ethernet Reuuest

Packets could be interactively written to sharF-I rnemory and

the resuonse of the Driver was easily monitored f ror the

same terminal. PreakDoints car be set in processes and th

execution of a s5n .le board computer will conttue until th -

treakpoint is reached. A process can blocK arid W IeP,

scheduled npxt. by a kern-1 of' MCORTEX, the CPU w1i broa 1

at the setpoint.

A particularly valuable feature, that unfortuliately is

* unavailable in DDTRE, is that of a watchpoint. t, watchpoint

is defined here as a location that a debu.er would ron-tor

and inform the user when an executing program nas male an

* attempt to execute an instruction at that location. This

R9
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feature can be emulated under EDTR6 by using tne "A" command

(enter assembly lannuape statements) to enter an INT 1

interrupt 3) command. What the user does not get, however,

is a history of the instructions that got the CPU to tnis

execution point. In a single step trace this is niot a

Droblem, but execution at near real-time is. In hiehLlj

modular software, such as MCCRTFX, the single step traCnC

through levels of procedure calls can be an extree:,

laborious task.

In situations where the state of the CPU does not appear

consistent with the executing software, and the reliability

of the hardware is nuestionable, there are few acceptable

alternatives to using a digital logic analjzer. The

Paratronics 132 is the logic analyzer usel extensiv;ly ii

the AEGIS Simulation Laboratory.
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tPPFNDIX C

MCORTEX LOADFR

This file is assembled usinR the FASM 96 assernbler

j [Ref. 18]. After linking, when invoked as a transient

command from the CCP level of CP/M-86, this file wil

interactively allow the Ioading of a CmD file ccntaininr a

mCORTEX process or multiplexod MCOFTEX processes. Cnly tn,

first real processor entering the MCORTEX enviro'nment is to

specify that GLOBAL data is to be loaded. Coniitional

assembly features pervade this code to allow either 'COP7FX

or MXTrACE (the diagnostic version) to be loaded. Th-

conditional switch is called "MCORTEX", which .s set euual

* to one (or TFTJE) when the MCOIPTEX version of the loader is

to be assembled. The use of the MCORTEX or MXT-iA-C LI.!KF8

input option files (APPENDIX F) determine which transient

comnand is generated.
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t-1 MCJOFTFX /' 7TFA CEF Fil1e TEF)/T RC.A86 Brewer 24 At £

SThis prog-ram loads the M-COPTEX operatir-- systz' from/
;disk into the current CP/M environment. Tht, ys;te-;
Smemory space is reserved Using CP/M TrerTOry rTarae -:tr /

;functiors. Since INITI ALPBOC must he overw-i ttEn! 1),V
Sthe user INITIALPROC, the memory it orccuol-es a r.,-.t/
*reserved. The portions loaded Into the initerruipt

a area a nd i n to shared memo ry ( ie . GL OB kLMODU11L> r p rj ir
Sareas not managed by CP/M and are thuis prets-tr t o-i/
Suser overwrite when using PLI CMD files. Criio
;assemolies allow assembly of either MCCRTE-X orMXt',
*deppndirfg on the valuie assigned to MrCCPTFXi at tnfz -

* egainina of the code. N inre s ucrb c ondit io naLI
Sassemntly statements are included. /

DSEG
ORG 0000H

MCO hT EX / Mi TB ACE S ELEC TION ~~))** )~rcsc~,rt

"~CORTEX ECU 0 SET TO ZERO FOR,

ADDR S S CON STA NTS ** ** C)***Ct :F*A/

*FCB ECU 005CR FILE, 07,.;

PCR N AME ECU 005DH P BLOCK
FCB EXT ENT ECU 0068 11
FCB-CP ECU M0CR

INT ADD _CS ECU 0011H ~ ' INTERRUPT CODYj'
INTRPT OFFSEFT ECU 0033H S* SE G MENT A% D
IF MCo?FY
INTEPT _CS ECU (JC4BH ;**'FCTOK-
ELSE
INTRPT CS3FT 0C OC4F [#44 1 N

PUPEB NUiMB? I CONS 2' A N PS *cc4*: c 4/

EIG4qTH K ECU 008OH
IF mCOPTKX
NUM _KOPF _LOCKS ECU N' 2 CH1

NUJM KORE BLOCKS EQU 003BH ;##2 #### K-----
FNDIF
NAM _GLOMkL FLOCKS Foil 0010H

ASCII0 _C EU '0'
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~scr ~ECU 'P'
ASCI Fol '

p F !I 10 F: 'Q U

CR ECU 000DH
I. FECU OOOAH

CO'!NFTi 0 L TI-R NS FEE CO NSJ T A NTS /

TF Tm CnRTFX
K C p S P ECU 0075H
KOEF SS VtL YECU VC55H
YOR _DS-VAL FOU OC4911
F LS SE
KOFE SP ECU 0075R1 ; 0#0# 3 ~4 '-

KORE _SS _VfL ECU OCt {r ;s### -1 #44## <'-- ---

KOPF _LS _VPL ECU 0C2CH9 ;s###0 5 ##4---
ENDIF

SC? /M- FUN CT ION CON STgANTS ** *4~C

CPM_ BLOS _CALL ECU 224
SYSTEM RESET ECU OVV ,ti
CONSOLE _OUTPUT ECU 000211
EAD ECU 000AH1

PPIN]T STIYIN(; FOU M7~9F
OP~ _N F I LF EU 0 OV FH
READ _SEQUENTIAL ECU 0014H
SET Dm AF~t 0ECys FU 0 01A if
S7T _DMA _AS'F EC U 0033H1
kLLOC v mEI ABS3 ECU 003HII

E~~~F _ L EU 003AH

NOT _ FOUND You PVFFH

;** M S S A G ::S

IN _SThING DR 15
RB 16

NO FILF. MSG PT 'K04E NOT ON DEFAULT DiiIVE '
FOI IlU L tM5q TP 'INPUT FILE NOT ON D; SIGNATED nlHIvls'

NO-mMIORY _ 'SQ PP 'UNABLE TO ALLOCATEF MFMO- Y SPAC; FOR,
DB ' MICORTEXY'

FIL _FOM F~R_ S'Dr 'INCOTRvrCT FILE FORMAT - TPY 'P'

START MSCI DR MrCORlTvX SYSTEM LCArF': Cl LINF -



GLORAL, Q 'S; PP C: , LY, LV 'LO tr- G L,-L Y?
GM2--N 'St D -, y' TO LOA T, < >F-T- I~ NC-1 ,C.

;*~CAUTI ON CAIJTI ON *-; C'AUTION " CAUTID\"--'>/
;**The following five lines of' code shoujll not ne
;**separated as this propran assijrnes thpy will be
;*found in the order sho)wn. The code is isei for....
Smemcry allocation and as a pointer to KOFE.

C**(AUTION *~CAUTION ** C8UTION *** CATI,'

KCRE STAET 0 03CH CA TI
IF 11CORTFX
KOFKF1 _PAS!i- DW O'B7QOH Ci?
ELSF
T(OR Fl _B AS 7 DW 0AC01f ;4#,7# 6 P ;
ENDI F
'OPE FOQU DWCET) ?TR KO.IESTAii ;r ' CA I rI(,
IF MCORTFX
YOREI _LENGT H DW 0100~H , CAUTION
ELSE
KORFl _LENGTH PW 01COH ?## ##K--

ENPI F
KORFIM E'-XT DE 0 C CPuaI G

IF MCORTF(
KOFF _NAMEF DB 'KOFF OPS,
FLSEF
KORF _NAMF LB 'YORE TRC' ;<# B-f
E N DI F

KCRF2_ BAS7 DW OE 30H GLCEA7, MEN1ORY'

INTFP UPT V4;rCTC- PWIN~~TOFE.IT~TC
TNT _VFCTOR _ADTF DW TNT _ DD_ CS

IN IT OFFSET DW 0 (, ;' I;I'TIALIZATICi-
INITT PSE DW 0~43911 ;*~ 1OUTI\'F PPR AKTELS
IF MCORTFX
I NI 1_ DS _ SFGD E0 C(65H ;*~ FCR DYNAMlIC ASSi' INMEN
ELSE
INIT PS _SFG DW or6Fff ;#### 9 ##9# < ----
'ENDI F
INIT 'DS _ OFFSFT DW P'069H ;A'** WHEN USE~i INITIALIZATICN
INIT _IP _OFFSET DW 0074H ;**x IS INDICATED

; CC NT CL T A NS PER VAr- IABLPS,~:~

KOK-FSS LW K(>iE _SS _VAL
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KOPE 135 Dli vC-7 135 _ AT,

M CCrHTFX LCAnP t r575

CALL CL-n SChEEN ;' SOTF PE CON1THOL & LOG ON,
C ALL MCOR)TEFX LO.! D V fl* E s AS7"S
CALL CL" SCREEN

CLD I IN T 7 1L I Z -TI1ON
PUSH A X

;tt 'pT LOAF GLOBFAL INDICATOR ~:tt~<........

CALL TN S.LOP'L 3 %K IF GLOBALT TO PF LCPP~ED
v,1 )X ,OF S)FT IN STRINGC ;t-tGT FFF? LOCT0 1A TIO
0,C1 C L, D C?/M PA AM ET~

INT CTm 
_PO05 GALL ;* T ET INDICATE-

; GF SN ET ATF WOGRE FILE CONTROL BLOCK --- -- -

SEFN _KOR F WC 1 :
MOv BX ,1Q, ;tz4MVE 11 CRAiACTERS
'O V SI,OEFSFT KOP? NAPME POINT TO VO7 ER NAT-F,

TmOV DIJEC? -NA ME POINT TO ECE -NPAME
N1OV KOR'E':
M OV A L , fS I +Q YGE rT COHFAPAC T F,
N!OV [DI±BX],?L STOP7 CHARACTER
DEC 'PX
JOE NOV YOikE

;*- P' YORE .OPS FILE ON DVEAULT DISK *

OPENK.C _OE :
1'07 CL, OPEN FILE C P P~FAEE
NOV DX , FCPC? PA.h1 Ti
ITNT C'?M FF,05 CALL p OP F FIL
CMp 6,?O :)7 FOU-1DT VI 'TLF F0 91kV,
JNE P ROCE S s K Op Ft2 F LE 'FroUrD ! 7cONTT rE
JMP NO (-FI LE FSC INDICATF wr"C
PROCEFSS KORE:

MOV FC'PC3,,[DT1,1 rl S T ART W IT PE S' C

SRESER V KIMMRY ~*~~t~t*r,~4c~- 4c

nV CL,FhEE ALT, MVTM C~~ C)/M PP .METFP
T NT C Tm _EDOS CALL ;4* REE ALL -IFMO.ft
HOT CLAI.LOC 'IEM ADS ;tC, OP/ M PARAMPETEP.
NOV DXOFFSET NOB-,l ;CF;> P/M 'P ' ArlETFV
T NT OPM _ BOS CALL ALOTE EMJ
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CM? AL, NOT -'OUND MEMORY AVAILABLFed
JNE LOAD -MC03TFX MEMORY AVAILABLE! ccNriNJE,
JMP NO-MEMO14Y-ALLOC GO INDICATE Fi FOi

C ; *4* ~LO~AD M CO9T FX CODE *** ~* ~~* 4

* ~mo LOA')MoTE: LOS SET DEST. OFFSET
MOV B?,NU!MKORF LCSSTBLCONE
MOVE KOFEELOOP:-
MOV DX.ECB ** C?/M PARAMETYP

V MOV CL,RFAD SEOUF'4TIAL ~ '*CP/M ?A!'ANETEE~
TNT CPM BDOS -CALL ;**READ IN"128 IEYTES
MOV ES kOR~EI1 ASEF,* SET DESTINATION SFGMF-NT
MOV CX.EIGHIH _K ;**SET1 BYTE GC9UNT
MOV SICX; ' SET SOURCE OFFSF-P
REP MOVSB P MOVE 128 BYTES

*DEC BP DFC BLOCKS TO MOVF
JNZ MOVE KORP LOOP ;**IF NOT DONE, DO A.GAIN

;**LOAD INITIALIZATIO.N MODULE

MOV DIINIT _OFFSET * SET DEST. OFFSET
MOV DX,FCP CP/M ?MIAMET ,
MOV CL,PFAD SFQUFNTJT'AL ;**CD/M PApAMETEI'
INT CPM _EDOS CALL ;**READ IN 128 BYTES
MOV ESINIT BASE * SET DESTINATICN SEGME'IC
MOV CX.FIGHTH ** SET BYTE COUNT
MOV SICX SET SOU.RCE OFFSET
REP MOVSB ; MOVE 128 BYTES

*'*LOAD GLOBAL MEMORY ~******

CM? IN STRING+l,(H *~'SROULD GLO Alj BE LOADFTD'
JZ INSTALL_ INTFRRUPT ;**IF NOT, SKIP LOAD
MOV DI,0 SET DEST. OFFc'T
MOVE GLOPAL LOOP:
tMO0V bDx EF ;*'p C?/M PARAMETER
MOV CL,RFAD SEQUFN~TIAL ;**CP/M PARAMETEE
INT CPMBDOS CALL ;~*READ 128 BYTIS
TEST ALAL ** NO MORE DATA?r. JNZ INSTALL INTERRUPT ;**No, so no ON4
MOV FS,KO F2_ BP3F* SET DEST. SEGMENTK MQV CX.FIGHT9 _K ;**SET BYTE COUNT
MOV SICX ;~~~ SET S'iC. OFFSET

V. REP MOVSB ; MOVE 128 BYTES
v JMP MOVE GLOBALLOOP ;**IF NOT DONE, DO AGAIN

* I NITIA TIZE INTERRUPT VECTOR

INSTALL_ INTFPPUPT:
MOV FS,INT _VFCTOR-A'D * SET DESTINATION SEGMENT
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M1OV D1.0 SFT DFST. OFFSET
MOV SI.OFFSFT INTFRi UPT VprTO? ** S.RC. OFFSET
MOV CX,2 ;*g 2 WOEDS TO VOVE
REP MCVS AX,AX M*~ OV TWO woars

F EiD IN P ILE NAPME

READ _A NAME:
CALL PROCESSOR NAME ;(*MSG TO INPUT A FILE NAME
MOY DX,OFFSET IN _STRING ;* DX <--- BUFFER LOCATION
MOV CL.RFPD * CPM P)RAMETER
INT CPMBDOS CALL G CFT A FILE NAME

SSET FCF DR IVEP DES IGNA TI ON *1**** c:

MOV DI,O ** SET DESTINATION INDEX TO ZFRO

CMP IN _STRI.Na3.COLON ;*** IS DRIVE DESIG.NPTFrl?
JE SET DRIVE ;**IF YES, PUT DRIVE, IN V'C9
MOY FCBCDI],PI SET DFFAULT DRIVE
MOV SI,2 ;***.3RD POSIT IN-STRING, IS 1ST LETTF:i

0 JMP FORM_ FP

SETDRIVE:
NOV ALIN-STRING-2 * GET DRIVE LETTEr
AND AL, F4 * CONVERT TO UPPER CASE
SUB AL,40H ;**CONVERT TO A BINARY NUMBER
MOV FCB CDII .1L ** SET DPIVE
AND AL,OFOH ;**LIMIT luINf DRIVE TO A TuROUGI? 0
TEST AL,AL
JNZ INPUT_ E!POP-B
MOY SI,4 ;** THf POSIT IN _STFIN; IS 1ST £LFTTEt

;*"0' INITIALIZE FILE CONTROL BLOCK **',''' *-*/

FORM _FCB:
M'OV BX.OAF FILL FCR NAME W'ITH St'ACL
NOV AL.SPACF
FILL SPACES:

* OV FCBN A,-W[BY1,ATL
DEC BX
JGE FILL SPACES

MOV FCB CFrDI' ,DI ;**NEW FILE CUR;-ENT RECORD IS ZERO
NOV FCB-EXTENT fDTIJDI NEW FILT-CURRENT E.XTENT 13 ZERO

;**INSTALT. FILE CONTROL BLOCK NAME ***c**:~,

NAME LOOP:
NOV AL.IN STRINGrSI] GETr A rPARACTbtl
CMP AL,PF!:IOT) START TYPE ?

*JNE FCP _CONT_ 1 IF NO, CONTINUEr7



MOV DI,8 ;*.* IF YES, DJUST DFSTINATION
JMP FCB CONT 2 ;*X'* ANI' CONTINUE
FCB _CONT 1.
CALL VALIP_"INPUT CvCK FOR LETTER OR NUMIF1R
TEST PX,AX
JE INPUT _RROR F
MOV FCB NAMF[PI1 ,AL ; MOVE CHARACTER INTO FCB
MOV AX,SI *** IS THIS LAST CHFAFCTEP?
CMP INSTRING+1,AL
JB OPENPROCESSOP ;** IF YES, LOAD THE FILE
INC DI ;*** IF NO, kDJUST FOR NEXT LETTER

FCB CONT 2:
INC SI ;*** AND GO AGAIN
JMP NAME LOOP

EXIT ROUTINE B:
JMP EXIT ?OUTINF ;** BRIDGE TO EXIT FOUTI'qF
INPUT ERROR B:
JMP INPUTEPROR BRIDGE TO INPUT_,RRGR

0

';* OPEN THE PHOCESSOR FILE ,

OPEN PROCESSOR:
MOV DX,FCP ;**- CP/M PAPAMETER
MOV CL,OPEN FILE ;*** CP/M PARAMETER
INT CPM BPOS CALL ;"':' OPEN THE FILE
CMP AL, NOTFOUND ;*** WAS FILE ON DISK
JNF LOAD PROCESSOR *** IF YFS, GO LOAD THE FILE
JMP NO INPUT FILE ;*** IF NO, SIGNAL EkhROR
LOAD PPOCFSSOR:
MOV DX,FC? *** CP/M PARAMETEP
MOV CL,PROGRAM LOAD ;** CP/M PARAMETFR
INT CPM_ BDOSCALL ;*'* LOAD THE FILE

*** DATA SEGMENT IN AX

.;* SET UP THF INITIALIZATION STACK *****,;**:,,;,,**,::/

0 ; CAUTION X*** CAUTION *** CAUTION * C.UTION *
This code is highly deDendent uDon InDut of PL/I ***
CMD file with CS header first and data header

* . * second. This is the normal situation and should /
* cause no difficulty. Also this code is highly

* ; **dependent upon the location of the initializaticn /
** module stack and the location of the DS and IP
;**4- values within that stack. Changes in stack

location or organization shorid be reflected here.*-.'*/
CAUTION CAUTION *** CAUTION * CAUTION ***2*/

EXITROUTINF:
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VOV FSI NTT DSSEG ;**POINT TO INIT STACK
MOV PX,INTT rS _OFYSFT ;X** POINT TO DS ON STACK
MOV ES: rnxl .AX ; INSTALL NEW INIT DS
MOV DX,O * SET NEW IP VALUE
MOV RX,INIT IP OFFSET ;**POINT TO I? ON STACK
MOV EFS:[RX] ,DX * INSTALL NEW INIT IF
MOV CL,SETDMABASE * CP/M PARAMETER
MOV DX,AX * SET BASE PAIE
TNT CPMBDOS _CALL * SET DMA R ASE
MOV CL,SFT DMAOFFSr'T * CP/M PARAMETER
MOV DX,EIGRTH _K ~ '*GET OFFSET
TNT CPMB3DOS .CALL **SET DMA OFFSET

;**TRANSFFR CONTROL TO MCORTFX *,*: e

MOV SP.KorESP * KCHE STACK ?OTITEt
MOY BPISP ;**KOFE STACK RASE
MOV SSKORE _SS :**KORE STACK SEGMENT
MOV AX,DS ;**GET DATA SEGMFNIT
MOY ESAX ;**POINT FS TO DS
MOY DS,KORE DS ;**KORE DATA SEGTmENT

q JMPF ES :KORE ** JUMP TO MCORTEX

;**VALID CHATACTEP FOR FILE NAME CHECK * '*** */

V VALID INPUT:
CMP AL,SLASIT
JE ISVALID
CMP AL,ASCII~ 0* IS THE CHARACTER A NUMBER
JB NOTVALID
OMP AL,ASCII 9
JBE IS _VALIr
AND AL,5FH CONVF"RT CHAPACTEE TO UPPFEH CASE
CMP AL,ASCII _A IS THE CHARACTER A LETTER
JB NOTVALIr
CMP AL,ASCII ?J
JEE is _VALID)
NOT _VALID:
MOV AX,0 INDICATE BAD CHARAC'rEl
IS VALID:
RET CH&RkCTER OK

*~ABORT MESS AGES ** * *C******"*,CC~~*/

NO FILE:
* CALL CLRSCRF74

MOV DX,OFFSFT NO _FILEMSG PTR TO MSGI
JMP MSG-_OUTPUT PUT MSG

4O MEMORY _ALLOC:
CALL CLR _SCREEN

6 MOV DXOFFT NO MEMORYMSG ;**g: PTR TO MSG
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mSG OUTPUT:
MOV CL,PRINT STRING CP/M PARAMETERi
INT CPM BDOS ^ALL.;* SEND CHAP TO CONSOLE
CAL',L CLq? SCR-EN
MOV CL,SYSTFM_ PFSFT * CP/M PARAMETER
MO*J DL.V'; RELEASE MEMORY
INT CPMBDOS _CALL ;**EXIT TO CP/M

;*SC PEY CCNTROL

CLR SCREEN:
MOV CL,CONSCLF.OUTPUT ;**ISSUE CARRIAGE RiETURN
MOV DL,CR
INT CPM _Brcs CALL
M07 DI.eCR ** ISSUE 12 LINE FEEDS
LINE-FEED:
MOV PL,LF
V~OV CL.CONSOTJEOUTPUT
INT CPM _BDCS (CALL
D)E',C D I
JNE LINE-FEED
PET

SEID-MSG:
MOV CL.PFINT_ STPING ~ *'CP/M PARAMETER
INT CPM _BDOS CALl.** PRINT A STRING TO CONSOLE
RET

C* NON ABORT MESS AGES ' *-* * *,

MCORTEX _LOAD:
MOV DX,6FFSET STAqTMSG
CALL SEND_ MSGU
RET

PROCESSOi NAME:
t-lOV DXIOFESFT P N MF MS"
CALL SEND _'MSG
tET

IN GLOBAL:
MOV DX,OFFSFT GLOBkLO0MSG
CALL SENDMSG
F ET

INPUT ERROR:
CALL ELI SCREEN
MOV DX,OfFSET FILEFORMERR _MSG
JMP EXIT ERR

4 NO0 INPUT FILF:



CALL CLR SCRFFYI
M0? DXOU'FSET N .TN-ILF-MSG
EXIT _ RR:
CALL SFND .MS'U
CALL CLR SC FEN
JMP RFADA _NAMF

F,4



A \IP7IV ,

GATE MOrULF SOU7CE CCrF

SYSDrF.PLI and GATEM/T.AP6 files are contained in this

appendix. PT,/I-86 entry variables in 3YSDFF.PTI prrvlde a

"gateway" to the MCORTFX (kernel) supervisor via GATEMOP or

GATFTRC. A1so containei in SYSI)FF.PLI are constart (or

symbolic) definitions that are used by the demonstration

processes contained Ir Appendix 7. Note that systen restrved

constants, used by MfORTFX kernels and the N1301V Driver an.

Packet Processor are also contained in this file.

GATEM/T.AP6 is asseibled, and as a relocatatle object

file, is linked with MCOiTFX processes to set up the ?L/I-8C,

to PL/M-86 narameter passing interface.

A ccnditional assembly switch "GATEMOD" allows for

assembly of a GATEMOD or GATETRC version.

1912
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/ SYSDEF' PIL: SYSDEF.PLI David J. BINER 1 SEP S4 ~

/:This sectinn of cnde is eiven as a PLI file to be ~'
/%T~NCTJUDF'd with MCOEFX user rrograrrs. ENTFY
l eclarations are miade for all available MCORTFX

/*functions. /

* DFCLAPE

advance FNTRY (FIT())I ~/* advarce t event-_count id)*

await FNTPY (PIT (8), BIT (16)1),
/* awa it (event _cut i d, awaited _val ie 'V

create evc ENTFY (BIT (8)),
/* create evc (event _count-il) ~

create prroc ENTR~Y (BIT (8), BIT (W,
VIT (1f;), BIT~ (16), BIT (16),
BIT (16), BIT (16), BIT (16)~),

/* rreate _uroc (Drocessor_ ii, processor 'priority.*/
stack_ Dointer-hipbest, stack seg, ip ~

1* code seg, data _seg, extra_seg) *

create seq ENTRY (BIT (8)),
1* create_ sea (set-nne id) ~

preempt ENTRY (PIT (8)),
/* preempt (Processor-id) V/

read ENTHY (IT WR) FOPIS (BIT (16),
/'* rea' (event _c.)unt-_il) */
/* :;FTUA'S current _ever't nuot i

ticket FNTRY (PIT (8)) RTTRNS (HT :16)),
/'* ticket (seauence i-i) */
/* 1FTUFNS unioue-_ticket value *

lefine _clister FNTRY (bit.(16)),

/* define _cluster 'local _ luster _address) V1

distribution-_map ENTRY (bit 1Q), bit (8), bit (16)),

A* distributionnman (distribution _tyve, id,
g crluster _addr)
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add2bitlF 7TPY(RI'i16),PI'(16)) EFTHPNS "BIT(16));

1*arf2titlC a lFbtt tt, another 16bit 4t) /

2 /* IFETPNS ai _6bit -# + an ether l6bit _#

1 reolace

**EVC$IT)S

'1) USFR *

T-ACK IN by "11b4,
TRACK _OUT by 'V.2b't,
MISSILF ORDFR IN by '03'b4,

MISSILF -ORDFPOUT by 'V4'b4,

/* (2) SYSTEM .

FB -FEAD by 'fc'b4,
ERBE WRITE by 'fd'b4,

/*--------------------------------------------------
SSEOUrNCEP NAMFS ~

f1) USFR

/* (2) SYSTEM *

EtIP W 1ITFRr'OUEST by 'ff''b4,

X. SHAFF.D VAFI.APLE POINTEFS 1':*

(1) USrR

1* (2) SYSTEM /

*bleckptrvallie by '8000'b4,
xrrit_ ptr valuef- by '9072 'b4,
rcv-Dtr-vale .by '8666 'b4,

END RESERVE by 'FFFFbt4;

;GATEMOr / mATFTRr File GATEM/T.a96 BREAIER 1 SEP 94~
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- . - - - - -- .- - - -- . . - .- - .- . - - . - i . .- -- -. -. ,-

.. . . .- - - - . . . . . . . . .. . . . . . . . . . . . /

;' Tbis modlile is Piven to the user in ob,1 form to lin? ./
;:'with his initial and orocess modules. Any c'anes to ,/

user services available frnm the OS miust be reflentel ':/
; here. In this way the user need not be concernel with */

actual GPT vFFPFR services rodes. Two lines of codp /
* are contained in conditional assemnbly statements an! */

c control the output to be G TFMOP or GATETRC dependino w/
on the value of GATFIOD at the code start.

--------------------------------------------------------
This modrle reconciles Darameter passing aro-alies '/

;* between MCORTFX "written in PL/M) and user progra-,s "/
* (written in PL/I). )'
------------------------------------------------------------------ ~
* ll calls are made to the GATFMEEPER in LEVEL2 of the .:
OS. The address of the GATEKFFPEF must be given below.*/

*------------------------------------------------------------------".

* The ADD2PIT1 function does not Take calls to MCOqrX. */
It's purpose Is to allow the addition of two unsipred 4/

; 16 bit numbers from PL/I programs. /

DSEG

GATEMOD ECU 0 ;*** SET TO ZERO FOR GATETRC
;*A* SET TO ONE FOR GATEMOI)

PUBLIC ADVANCE ;* THFSv DECLARATIONS MAK? 'MiE
PUBLIC AWAIT ;*** MTEKEEPER FUNCTIONS VISIBLE
PUBLIC CMEATE EVC ;* TO EXTERNAL PROCESSES
PUBLIC CREATEPROC
PUBLIC COFATF SEC
PUBLIC PREEMPT
PUBLIC READ
PUBLIC TICKFT
PUBLIC DEFINF CLUSTFR
PUBLIC DISTRIOUTICN MAP
PUBLIC PDDPBI"16

AWAIT IND ECU 0 ;: * TPF.SE ARE THE IDENTIFICATION
ADVANCE IND YOU 1 *** CODE/S PFCOGNIME) hY fl
CREATE FVC IND FOU 2 ;** GATKrFPFR IN LFVEL II OF
CREATESEQ IND EOU 3 ** MCOTTEX
TICKFT IND FOU I
PEAD IND EQU 5
CREATF PTOC IND FOU 6
PREEMPT IND-EOU 7
DEFINE CLUSTE? INP EQU R
DISTIIBUTION MaP IND FOU 9

IF GATFMOD
GATEKFEPEr IP DW 0036H
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GATFKEFPE- CS PA O'ADF
ELSEF
qATFKFFPF?_ TO flW 0 ;## 1 # <-------

G'ATFKFrP E' CS cs r0 4CF 0#.q# 2 ##ti --------------

EN PT F
GATFr'FFPER 7'U T)WOvr PTF GATE~'EFT- _ Ip

CSEG

;9-** 6AI AT ** AW AI *** AWA IT ** AW8Ij' ? ~

AW.AIT:

PUSH ES
M0V SI,2[QX1 ;SI <-- ?NT TO COUNT WAITEn
mov Fx,[Fy] ;?X e-- PNT TO NAME OF FVNIF
MOV A L ,AiA I T I NP
PUSH AX ;N <-- AWAIT INDICATOR
MAOV A L .fRX
PUSH AX ;BYT <-- NAME OF EVENT
MOV AX, [SI] ;-AX (-- COUNT AWAITED
PUSH AX ;WOPos <-- COUNT AW8ITED
PUSH AT ;PTR SFG <-- UNUSED WORD
PUSH AX ;PTRO'FFSET <--UNUJSED) WO"RD
CALLF GATFKFFPr
POP ES

RET

**ADVANCE ADVANCE *yt ADVANCE '*ADVANCL **) ~ *

ADVANCE:

PUSH Es
MOV BX, [Ex] ;BX <-- PTR TO NAME OF EVE'4T
M0OV AL,ADVAN~C-P TNT)
PUSH AX ;N <-- ADVANCE iNpicArFE-?
MOJf AL,L Y1
PUSqf AX ;PYT <-- NAME OF FV'T
PUSH AX ;WORDS <-- UNUJSFD wORD
PUSH AX ;PTRSEG <-- IINUSFD W'd(ID

PUSH AX ;PTR _OFFSET <--UNUSED WOPD
CALLF r;ATwKEE-Pr
POP ES

RET

~'*CR EA TE EFB' C*~ CR FATE EV C CKEATFEVEC

CREATE-EVC

PUSH ES



-
-7;-

5O BX , rX1 ;PX -- PT': TO NAMF OF F'JFNTl
MOV PL,rP7ATw _ VC _ I'D

*PUSH AX ;N <-C 1rEPTF_ EVC INPICATCOR'
MO" AL. [R X
PITSH AX ;FYTP <-- NAME OF EVVNT
PUSH AX ;woRLs (-- ugJusEr A'CRI
PUSH AX ; P T SEG <-- UNUSED WO'O'D
PUSH AX ;PTR _OFFSET <--UNUSED WOPD
CALLF GATFK7VE
POP ES

PET

,*:*Cq'ATF SFQ CREATF _SEQ C IFAT1ES '

CFFATF SF::

PUSH ES
MOV 'x , x1 ;Bx(- PTR TO NAME!' CF SFQ
MOV AL,C'PFATF _SFQ _IND)

PUSP AT N - CRFATF_ SEQ INDICATFH

MOV ALJ[BX1
PUSH AX ;1BYT <-- NAME OF SEQ

PUSH AX ;WORT)S <-- UNUSED WR

PUSH fiX ;PTR _SEC <-- UNUSED woi.r
PUSH AX ;PTR _OFFSFT <--UNUSED WORD
CALLF '7ATFKFFPF;
POP FS

PET

;''TICKET *~TICKET ** TICKET *** TICKET ** 'TICF1

TI CKrT:

PUSH Es
DUSH FS ;TICKET NUMBER DU"-IMY STCR:;G

MOV CX,SP ;POINTFTP TO TICKVT NU EV'F

'e'v EX. [ r P ;BX <-- PT TC rlC0'P NAM"
M'OV AL,TTCKFT.INn
PUSP AX ;N <-- TICKET INDICITF i
Mov ALJBRXI
PUSH AX ;BYT <-- TICKET NA~ME

PUSF AT ;WORDS <-- UNUSED OR,)
PUSH SS ;PTP _SEG <-- TICKET NU* BFR SEG
PUSH CX ;PTB _OFFSFT <-- TICKET NUMBF.P POIN'r,i.
CALLF GAT11?YFF"P

pop BX !qETPRIFVF TICKET NUM5FR
POP ES

PET
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-. C -- - 1. TFX irr-l.t -rt-io fi

C1P 1OC input option file

- *,:t~t;::::7*~t::::c ~~r- ,.- ,.,

iy_ iinlt1 [rr.ie Fa t[4.'591] ,data fa t, [POO,¢] , [.] ,ad[8 ],,a r. l ,

sysdrv,

iat i m i 1,a t e' -o

S. TRACKER input ortion file -
e' X, -"t Y------ --- ---

tracker =t r k in 1. t c o IP[a b[439]]..a t a ab[6f f . n[0] ,a d.ES2 ] .m a r)a l ]
trkr toc,
2a temod

-- 4:; ------- MSLFACT in utt orttio n file .--.

-.:, .. ;:. ,,::, , ::< -. ,: ':, !c,,!-c.......... ... . , in - - - -

,* ), 4, ?$ ;,:)4: :74)...........,... ........77:44 :7 * .. ....... : *,4'4::4 4 : 7 Z* 7 C7477

's 1re ac t
-slt tni t [r n1iab[43.] ,ata[ab[4 ,m1,aV L 2 11,analIl .

'a t-'ni
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LINKr Inpout Ontinn Filps

The INIPUTr oDtior directs LIP'KPF to obtain furthp" crTd

Sinfe inp~ut from an' indicated file. This redulcrs thr- amcurt

of interactive tytinp- npeed to 11 r va r io us o d 1:lPS

to-.etber. In essence, the inpuit file is a tatch file

Sa r. nedi t LIN' 9 Fo r e xam p-, t le io I-, les s h own ir

C1PRGC .INP a re linked wi th the command :T~~ClP OCrTJ

wher,- I denctes that (c1pC'C \jqP ,ontain th, actuial f ils t

te i nkei . 'The name apDeari'ig on thie lefth~and side rf tne

c~ la Is g~r i r, t he TITNX(8- ~Pt i ,n fi les i s the name a s5 ien cd

to th-e ClD ' niule There-fore, LINYC 6 CiPCCIll orrl irnst9

CMD1 r'oJ iu' Cl1P T'C ()pC T)e ailIs c,,n re rr r. tn i s ~r rchrp 1 -ay

t~e found in [Ref. 1P].
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if (bir ry bif,"Pr _lib-
binary ',ffer-lh))=b:ffer_ ler.th) tnen

k=add2bi tl F( b,. ffer1 b , cne)
ral 11 wa i mI SS ILE-ORTi _ FOUT. i

end /* do i *

end mslorder;

T01KPiiT is thp main module of' a Prr'cess at Cluster 2
*that simi:latps the ronslrnrtio- of tracl, Metpr'tion ;iata.
It sienals its COnSUTntion ly a(1vancifl-, eventcrnunt

A TPCK-OUL'. This module is lirkPI as soni
C2T!SFR S .I P o r 1?!TSY'R/T.IKIP of ApTnendix F.

PLT/T-; 6 S,,urcf- Fill- N~ame :TPKRPRT.PLI

trkrprt: proredure

%Zrepla ce

infinity by 32?67.
one by '0001'bl;

%include 'sysdef'.pli";

D 'r T, I. T, F

i fixed bin (1F-),
, bi t ( 16) s tati c it t '0'QTV't4)

/* end DPOLARATIONS *

do i 0 to infinity;

k = add~bitl6"k, one);

tcall await (TPACK _ N, k);

/* consume )~

call advancp (TPPCKOUT);
end' /* In i *

ond trkrprt;



SMSLORDER is the main module of a Drod'jcirR iprncess at '

'~Cluster 2 that simulates issuinp miissile orleirs. It
~si~nal s the roert iteration of missile ordi~rs 'by X
a~.vancinR eventrount MISSILFORDPR IN. The cor!sumer is '

MSLREACT at cluster 1. This module is link~ed es snown
'~in C2USr'PS.TNP o- C21USEP/T.INP ir Appendix F.

PL/T-96 Source Filp Name : MSLORDF;.PLI
- Contained in

* MICOTrTFX Comr'ani Yodulse Name : C2GSEPS .CMD
* fMXTRi!CF Comnmani Module 1aine :C'2USER/T.CMD

mslorder: procedure

~r ep Ia ce

infinity ty 32767,
one by '0091b4,
buiffer-lergth by 50;

Ainclude 'svsdef pli

I fixed bin (15).
(k~bufferub,buffer _lb) bit (16);

/* end DFCLARATIONS *

m~rain. *,

do i 0 to Infinity;

/~simulation of missile crier *'/

call advance (MISSILF O DE)FhIN);
buf fer _ib real'tMISSILF ORDER _IN);

put skip(P) ed It ( 'ven'tcount-valuelip
bu ffer _ub) (a. bl( ))

tiuffer _It =read (MIS SILE ORDE~R OUT);
plit sklp(2) edit ( 'Fv~ntc-0imnt value = '.

biiffer _ b)(a.b4(%) );



if' (bin arv( bf fer ub-
hinary( blif'f'r I Ib) )>huf'fer _len-th ) then

C7k = dd2bitlF(bi~ffer lb.cne);
(,all await (TRACK _OUT, -c;

Pnd ;
end; /* do FOPFVFr i

end trkdetent;

*C2UINIT is the initialization module for the Cluster 2
'~processens that ar!- multiplexed or SBC 2. This rmodblp is*
*linked as shnwn ini C2U'SFRS.INP or C2USFR/T.INP in~

* Appendix F.

PL/I-96 Source File t'amp C2UINIT .PLI

c2-users _ mit: procedure o~tions (main);

%irclude 'sysde f Di

/-begin *

/* Tissile order *
UCal L cre-ate _uroc "03'b4, 'fc'04,

-qR2?'b4, '06ff'b4, 'C29 b4.
0~479'b4, '@E~ff'b4, '96f f'bI)

rall crpatero b4 'f c b4,

919491'b4 '06f f b4 'A Ode'h4,
'01439 'b4, 'V~f f 'b4, 'if~f'bl)

call await (f- b,4, '01'b4);

end c2_ 'isprs iitt



~THKIFTE(CT is, the m~aini mroule- of a producin-a Drocess '

Sthat sirmulatos the d~pir f tracW5 \air nc'ntart5)
*and advances; evenrtount TRACK IN to, slial that the
Snext itorat ior of track data li- available. Thp ronsurmer
process is TRKRRT, located at Cluster 2. This mc-dule

Sis linked as shown in TRACKF'r.INP or T~iKF?/T.INP of
SAppendix '

* MCOETFX Command Podule Namp : TRACKER.CMP.
~e MXTPACE Cormmand. Module Name !TPKFH/T.CMD

trkdetect: Drocedure

%replacp

FOIREVF" by '1 'b
one by '0001'b4,
buffer length by 50;~

S rinclude 'sysdef'.pli ;

PEC LARE

I fixed bin (15),
(k,buffer-ub,buffer _lb) bit (1,6);

/* end DFCLAPATIONS *

1*main ~

do I = 0 to 32000;

/* siml'latior of track imput data*'

1* nD1t fron rpal-timte sensor here ~

call advance (TRACK _IN);
* buffer _ub = read(TF"CK _ N);

put SkiP'2) edit ('Fventcount v-iller. buffer mib) 'a ,b4'5) )
buffer-lb = read (TRACK_-OUT);
put skip(2) edit 'Fve-itcoint value=

buffer _lb) (a ,h4(5));

-- - - - - -



CrL A PF

I' bit '10) stitir mrit ( '.V7? b4);

/* end D V'ITLA p ITII ONS

/*main *

do 1 0 to trfinltY;

k =add2ti6'k, one);

call await. (MTSSTLF ORDFP _IN, k);

/~consune')/

'-all adrarr (I SS ITF of I)Fr- oUT)

end do I *

end rnsltrair;

-~TPKTP.JIT is the initialization rolule f'or thp process
*TEACKFF (CrMD fileraiie). Tt is linked as shownr ir
TRACKER.INP or TRKFR/T.INP of' Appendix F.

* PL/I-P6 Source File Nam~e : TRKDINIT.PLI

trklinit: Drocedure options (main);

* /n he~'in '/Ydf l

rall create - roc ('01 'b4. 'f'cb4.
'OOI'b4, '06f'f'b4, '0023'U4,

'(439'b4, '6ff 'b4, '(6ff'b4);
call await ('fe'bA, '01'*,4):

0
er'd trkdirit;
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*~~ ~~ ~~~~~~~~~~~ - -- -: -----: ~********* -**~~* ~ ~

MSLTTNTT is the initialization~ moiule for tne process
*that simrulates the traintie of' a missil, laurrcher as
Sa result of orders rer,-ive1 from the MSLO-,DFT' orocr-s ,

of Cluster 2. This moliile is, linkel as showrq in~
'~MSLPFICT.TIP cr LAU"IC1J'T.I'JP in Ap~pendix F.

* PL/1-86 Souirce File Name MISLTINJIT.PLI

rsltlnit: procedure options (main);

%i ncl ud P 's ysd ef .p1l '4

/~begin *

rall create _po '12 'b4, 'f cb4,
'0600t-4, '('4dS'b4, '0023'b4,
'P'439'b4, '174d8Th4, '04de-b4);

call await 'f e'b4. 'c1 'h

end msltinit;

* MSLTAll is the main module of a process that "responls"'.
Sto commay'is Issupd by VSL(YRDrTP. It is a consumer of .

Smissile orlers. It signals its use of a command b y
*advarcinp distribitel evf-ntco11nt MTFSILE -ORDER OUT.
,T t is llnkeel as c1"own it, MSLFPACT.INJP on LUNCTI./T.INP :
of Appendix F.

SPI1-P6 Source File Na-e !MSLTRAIN.PLI
MCO TF2X Command Module "JamP MSLIIIFACT.C~fD

* XTDACF rommand Module Name : MUNCF/T.CMD -

Kmsltrain: Proredure

Treplacp

infinity by 32767,
one b y '4O0el%4;

A Kinclude 'sysdf.Dli';
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Both Clnst,'-s - there is no actual cornputations b ir r

do.e by ary MCO-TFX process, so Fthernet Ren,2st Packets ar't

;thnrnet Packets are bein; .enorate' at t!, fastest AcssIo],

rate. Any possible timin- Problens would b- expnsea by ttiis

demonstration process. None were rote'a, and tre processes

performn. as expected.

The system console sbown In ripure 11 is us-I to monitor

usine DPT96 chanires in ,LCFAL ata and shared Fre-cr.v

structures. A Process that automatically provtlrLes diaeostic

and display support is undrr develoDment fnr iTC STAB. T'is

rrocess will execute under CP/M-P6 on single bcard comriutcr

1 in each clister. Source code for the de:nonstration rodel,

except for Tink6 input optior files and the NI3013 Driver,

follows. The input option files and. N13010 Dri ver are

contained in kppendtces V' and Y respectively.

113
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0!

Ethernet

S8C I SBC 2

CLUSTER 2

SSYSTE MSLREACT 1  TRACKER CIPROC
' ' CONSOL.E

5-CI SBC 2 SBC 3 SBC 4

CLUSTER 1

FIGURE 11 - Demonstration Model
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PF"ONSTt 'ATTON PVC7,1AM SOURFLC CODE

The mnoel of processes that lemnonstratos theh listribiitivit~y of MICO TFX over Fth-rnet is Illustrated in

K vigure 11. The interactions that are occiirrir1 a t ea nh

clustpr are as follows.

Cliustor I - The M.SLFFACT (missile lA Uncher rpirtion)

orocess and TTACKF (tarpet trarking ) proress et a tircket

throuah the kernel (SYSTFEmIO) to write to t , e Y tre rnpt

Reauest Block. This corresionds to uiser transparenit

simultaneous neauests for Ethernet access. The NI~QDriver-

and Pac'ket Processor is Drocessina Ethernet :eauest Pac~ets

and Ethernet packets. All processps are copetinp for accossj

to GLOBAL data via the kernel.

Cluster 2 - the MSLOPIPFF (R!Pnprate5 missile orders) ard

TRKRPP.T :trac', reportin,-) processes are nailtiu1?xei ,)n n~

real pro-essor And are schec1~led and blocked based nnr th e

in tprac tiron wit , the Cl' s tpn 1 r'~resses, The (AI~l r Vr:

and Pariket Prn'essor performs thep same 4urrctiort as that+ In

C21is ter I The code is lientiral with the exro;t ion of tr-o

initialization "iolule. Rpeall that this moduln in each

clister is rP5DonSihle for the c-eatior of evertcotirts an,'

seauencers, a C wpll1 as callIs ton P-FINF$CL'JSTP-. and

DISTFIRUTIO0'$M01). which. are cluister and even 'rour t-dpr-nderlt

lii tri~1)tinn of) roocedr-s.



Vex V L, D)TSTPT1BUTION-MAP TNT)
* PUSH AX -. ;N N- PSTRP TmAP I'4D)
*PUSH APx ;BYT - UNUSED W'OPD

PUSR AX ;WORD <-- UNITSFD WORD
PUSH SS ;YAPPTR _SFG <-- SS
pUjS! CX ;MAP_ PTPOFFSET <-- DATA PTT
CALLF rAT'Y'FPP'R
ADr SP, 4

POP FS
RFT

**ADD2?IT16 * APD2?IT16 APIT16 t 'fI;2Blr16 ''

ADD2BIT16:

MOV SI'(Pxl ;ST <-- PTR TO BIT(16)#1
MOV BX,2[PX1 ;BX <'-- PTT

? TO BIT(16)#2

MOV FIFPXI;.?X <-- 131T(le)#2
0ADD BX,[S~l ;RX <-- BIT(l1j)#l +- RIVT16)#2

FND

11



POP FS

PET

;~~PREEmPT * D PREmPT PP EEMPT D-C4 PrFM PT ***/

PFFFMPT:

PUSH ES
MOV BX,[BXI ;iBX <-- PTR TO NPME OF PROCESS
MOV AL,PRFYFMPT INI)
PUSH AX ;N <-- PREEMPT INDICPTER
MOV PL,[BX1
PUSH AX ;BYTE <-- PrEEMPT P;h'OCFSS jr
PUSH AX ;WORT)S <-- UNUSED WORD
PUSH AX ;PT3 SEG (-- UJNUSED "401,D
PUSH AX ;PTP _OFPSFT <-- UNTISED 0ChD
CAtL O;ATFKFPP'R
POP ES

DFTINFCLUSTFR DTFFINF _C!USTEFI

DEFINE_ CLUISTE0:

PUSH ES
MOV 1BX, rBxl ;3X <-- PTP TO'LOCALCLUSTEh$ADDR
MOV AL, DEFINE _CLUSTFR_ IND
PUSH AX ;N <-- DVVTNE CLUSTER _IND
PUSH AX BPYT <-- UNUSED WOPD
PUSR WORD PTH rl-XI ;WORDS - LOCkL$CTSTFR$ATDR
PUSH AX ;PTF_ SEG <-- UNUSED WORD
PUSH AX ;PTP OFFFT <-- U.NUSE" W'hD
CALL? "TATF'KFFPrR
POP F~S
PET

**' DISTRIBUTION _MAP D ISTRIBUTON _MAP

PISTRIPUTION-MOP:

PUSP ES

MOV SI, 4[PXI ;SI <-- ?TR TO GROUP ADDRESS
*PUSH WOPD PT? FSI] ;STACK THF OPOUP ADDIRESS

MOV SI, 2?X] ;ST <-- PTR TO ID OF MAP _TYPF
mov AH, [sIl
MOV SI, [BX1 ;ST <-- PTP TO MAP TYPE
MOV AL, [SI] ;AT, <-- MAP _TYPE -
PUSH AX ;STACK Tr AND MAP_ TYPE

* mov rx, sp ;POTITET' TO DATA



~READ P rPD RFAD * READ *9c)* QEAD xc; iE8D '

PUSF ES
PUSH ES ;EVENT COUNT DUMMY STOKIPE

KmoY CX,SP ;POINTFR TO FVENT COUNT
MOV RX, [BX] ; BX <-- PTR TO EVFNT NAM:-,
MOV AL,FE'AD INTn
PUSH AX ;N <-- READ INDICATER
MOV AL,[PX1
PUSH AX 13BYT <-- EVANr, NAVE
?USLT AX ;BYT <-- UNUISED WORD
PUSH SS ;PTR SEG <-- EVPENT "()U T SEGM'NT
PUSH CX ;PTD OFFSET <-- FVFIT COUNT POINTF:-
CALLF GATF'FPF.P
POP RX ;RFTRIEVP' EVENT COUNT

K POP ES

RET

;*"CREATE PROC CREATEPROC CREATE _PROC ,:*L44/

CREATFPFOC:;TCKPCES S

MOV SI,14[BXJ ;S1 <-- PTR TO PROCESS FS

MOV I.1rX ;SI<--'OT TOPROCESS CS

PUSHWOF PTPrST ;STCK P)OOCS SSI

PUSHWOR PT [S ;SACKPRPESS CSSS

P Ovsi,6rR1 ;S <- P~ TOPROCESS SS

PUS WODPQ[ l ;TC RCSPOI'
MOV sI,2BXI ;si <-- PT TO PR(CjSS PI:: 'P
MOV FII rIFT PROCESS PIR~

PUHAX ;STACK PPOCFSS PRIORITY ANE ID
m CX,SP ;POINTE D TO DATA

MOV AL,CFEPTF PFOC _TND
*PUSH AX ;N <-- CRFATE PROCESS IND

PUSH AX ;RYT <-- UNUSED WC'~D
-. PUSH AX ;WOPDS (/-- UNIUSED)WP

PUSH SS ;PPOC PTI, SEGMENT <-- STACK SEG
PUSH CX :PROC _PTR OFFSFT <-- DATA POINTER

* . CALLF GATFKFFPE.

p ADD SP,14 ;}R'mOVE STACKED nATA
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rxvrr m Kq K -L q -

C2P qhC I nput option file

* c2p)roc
sysinit2 [code [ab [43911 !,data [ab [PC1 ,m [01 ,ad (021J ,mapraill],
sysdev,
asrrout,
r'a terno'i

C2USFRS input option fileZ,4

c~users=
c2uinit fcoderab[43911,atarab[ffl,mto]1,ad[8211,rna[alillI,
ms 10o rcle r ,
trkrprt,

* paaternol

MXT!?ACF input option file

"1XTY- ~CF T TFX/T- C [codefab 4A60 1 ,iata Fab IABCl I11

* 4.6 IPROC/T input option file

c-rKoc/t
sysiniti [-oie-rahF4391],data[ab[H'i-j 7[P'1aL-k21,mapFalIIj.
sysriev,

a srrout,
-a te trc

0
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TP KFL!IT input option. fil1e 4;

trker/t=
trklini t c olIe rat [439]1 ,data [ab [Off] ,m [Oi a[2],marfal 11
trkdetec,
eate t r

*4LAUNC4'/T input onDt io n f il 2CC e2

Iaunch/t
m-sltinlt [cole[ab[4391,PTATA[ABf4d61,MfClADL21,rnao[aliJl],

mnslt rain,
pate t r

*4*C2PPOC/T input option f ile :6C

c~proc't.
syclflit2 [coielab[439]],lata[ab[EN]m[]a[& 3  Taprall!].

Ismnrout,

gatetrc

C2USF.R/T input op t ioln f ilIe

Zu i n it [code[ab*43911.lataf,3b6ffjrn[r(,a [2IJjMgp[ 1iI
m s lc rd enT

rate trr
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APPENDIX G

LFVEL II MCORT;'X SOUR;CE CCDF

The LFVFL II source code, written in PL/M-P6, is

contained in file LFVEL2.SFC. Due to the conditioral

compilation switches contained in the cole, it should te

ccmpilep for either the tICOFTFX version or MXT ,JCF version.

Files are provided to be used with the SUBMIT utility [Ref.

191. The MCOPTFX version of LrVEL TI is compiled cy using;

the SUBMIT file L2CMPN.CSD (LFVEL2 compile, MCORT7X). LFVVL

II is one of the relocatable code modules shown in the

SUDMIT file LNKKM.CSD, which is used to lin the modules

togeth-r for KOPE.CPS. After lirkirg, the resultant file

-must be located usine the LO(,&r utility. This is provided

for in the SUBMIT file LOCKM.CSD (locate MCORTEX). The file

KF. is create! and becomes KORE.OPS after transfer to the

multi-user C?/V--P6 system. KOPE.OPS is loaded by MCO: TFX.CTh

under the CP/M-86 operatinp system. Memory maps for YORF.OPS

anl KOr'T.T-C arp prpvided at the end Cf ApDendhi H. The Ha

infor-atlor com-es from FO;E.M'P2 after coTplinF, ]inkinr,

and locatin, thp applicable files.

In the source listing for LFVFL2.SRC, the executable code

must benin in column 7 (s-ee L?CMPM.CSr). It appears left

iustified in this listing, due to thpsis fornat reaulrements.
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4 :~t 4:.: :'4,, At~c 4:C- 3,~ At At )c"t A t.:~O"

4,t~ ):s4 ;CCA . At 7 4 .C C: )C* 2 ., ).Tc 444 At At 91 ; , ;A 4 At 2C r4 ;c At . l Az N;A:

SUBMIT file L2CMPM.CSD*Y.
. It :~ :f 2 )c )' . 7't. ;C Y4 ;' 4~ 4 ,:4 4 ,c 3: 3. 3,: : ; : 4,~

:F1:PLMS6 :FI:LFVFL2.SRC SFT (ticonrnx ) NO COND LEFT '-1ARG I;('
LARGE

- SUBMIT fie 2CMPT.CSL)

:Fl: P LMP6 :F1:LFVEFL2. SRC :iFSET MCCRT EX) NJC CCND LEFT'11A-rIN(?~
LPAhG R
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/* 'L:LWV L2 S C
VEB S ION: p" WEI B-19-P4
PRO"~ EDUR FS

DEF I 'Er: GATE'SKFV'PER CREATIP$EVC
REA D AWAIT
ADVANCE PREEMT
TICKFT CR EATF$PR0OC
DFFINF$CLUSTER D IS TR I PUTIO0N $ MA ?
OUTtrHAR OUT $TLI
OUT$NUM OUT$SDNU V
SEND CHA OUT$-iEX

IN'$NUM IN$DNUM
IN$HFX

PFMA--KS: I 'CAUTIO ) 1!! !!1I CAUTION I ! 1T! rpUlTION!!
IF NEW USER SFRVICES ARE ADDE~D TO THIS MODULE
OF CHANGES ARE MADV TO EXISTING ONES, MAKE
SURE TTTE LOO7ATOR MAP (FILE: KORE.mP2) IS CFECK-
ED TO SEE IF THE LOCATIO4 OF 'GAT E$KFEPF?' HAS
NOT CHANGED. THF ABSOLUTE ADDRESS OF THIS
PROCEDURtE HAS ?DEEN SUPPLIED TO THFE GATE$MOVDULB,
IN FILY: 'FATF.SfC. IF IT HAS CHANGED ThE NEW
AL'DRr-SS SHOULD BE UPDATED IN FTIE': G ATF. SR C
AND RECOV~PILFD. 8~LL I1SF PROCESSES 4ILL FAVE
TO JpE prLINKFD WITH FILE: GATE.OBJ AND
*lFLOCAT.r~

LITFPA ,L DYCLBPATIONS GIVEN AT THE BEGINNING
OF SFVFRAL !MOD!ULFS ARE LOCAL rO THE FNTIRE
MODULE. FOWFVEP, SOME ARE LISTED THE SAMEF
IN MO:'F TF6N ONY' MODULE. THE VALUE AND
THE1 *v FORE THE MFANING OF THE LITERAL IS
COMMUNIlCtTED ArrCSS MODUIF BOLJNDARIFS.

N(T$FOUND' USFrl IN LOCATF$EVC AND
C-VATESEVC IS AN FXIMPLF. TO CHANGE IT IN
ONE MODULF AND NOT THE OTHER WOUL-D KILL
THF CRF:ATION CF aNY NE* EvivTCOUNTS RY THE
OS

CONDITIONAL COMPILATION COMMANDS ARE USED TC
P ODUCF TWO VFPSIONS OF THE tMCOPFX OPEIrATING g
SYSTEM. "MCORTEX" IS TRE VFRSION WITHOUT ANY
I/0 PEqTAINING Tn ENTRy OF OS PRIMITIVES. WITH
TFIS VERSION IT IS VXPECTED) THAT THE' USER~ HAS
CCMPLEr~r DFPIJGrINGj (VF TJSFP, ?-ACESS CODF ANE
THIS IS NO TONGE' NvfFSSAFY. IN CONT ST,
'T"I r'OrF EPA KFTF'D Py 'NOT MCrOHTEX' IS 'THF ('ODE U
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HT~i TAC F VEFP ION O F M4COFTFX KNCWN A"
VXTRACF." THIS VFRSTON PROVIDES DIAGNOSrIC
POCKS 'I NTO TFF OS V0 SqHLD 31 USE') DUM V ',

T'!- CODE DVV F OPfK 'NT STAGE..

L2$MOPtlF: DO;

* 1/* LOCAL DFCIA. ATIONS

DFCLqitF
MAX$CPU LI TERALLY '10'
vAXtVS$CPU LITPALLY '10'

PALS "F LITERA.LLY 9
FF D Y LITEPALLY 1
RUNNING LITERALLY 0
WtAITING LITERALLY ?7'
TME LITF7ALLY '119',
NOT$FOUND LITFPqLLY 2c-5
PORT$CA LITERALLY 'OOCAH',
PFSET LITFRALLY Q.
ENFT LI TFRA TLY l

FRB$ RLOC K$LF>JGTH LITERALLY 2
F vC s 11Y, r ITFFALLY
F R ?$ "IFJAD 11 T7R L IY O~FC!f'

* iB$wRITF LITFRALTLY '?rDH',
F PB W -I T F F ) ST fi LITFFALLIY 'CFFH'
I NT S RT JR N LITr.ALLY ??7H;

/* PROC%,SSOR DATA Sr'GINT TAPLVr
* PELARED PUBLIC IN MODULE 'L1 MODULF' *

1* IN FILF 'LFVELl

rFCLARqF P-lDS SrLUCrURE
(CPU$NUrP F1 BYTF,

'4P$START PYTF,
* vP~E~rBYTF,
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LAS T !U,'
CO(JNT71i wo~) EXTPILN A 1;

/*0A 1 15Y,*lI

/~ ~OFA, DATA TASF' DFCLAD. TIONS /
r40 L A 14ED P UB L IC I N FILE 'GLO-qAL.S G'

IN MODUL'GLOB AL 'tDULE'

DECLARE VPM( MfX$CPU$$$MAX$VPc$CPU )STRUCTURE

STAT F BYTE,
VP$PRIC'RITY BY TV,
EVC5THPF'AI BYTE,
EVC$AW$VALUF WORD,

SSSRFG WORD) EXTFI),NAL;

PFCLARE
LCCAL$y*CLUSTrFPADDP WORD EXTFiiNAL;

DECLORF
FE IN TS PYTF FXTERNAL;

DECLA'.-7 'EVC$TPI. (119) STPUCTUF
(EVC$NAME BYTV,

*VALUE WORD,
REMOTF$.ADDR WOPD,
THREAD BYTE) EXTFRNAL;

SEQUF'NC'FRS PYTF EXTFENAL;

DECLA'RE SF t'QTADLE (100) STRUCTU7?F
(SEQ$NME BYTE.
SEOI VALUF w03T)) EXTFRNAL;

* DECLAFF
NBS-VPSI MAXSCPU ) YT~' EXTERNAL,
NR$:APS PYTF EXTERN\AL,
RDW$INT$FLAG (MAY$CPU )7YTF EXTERNAL,
'iLOBALLOCK PYTE EXTFR4AL;

/* rFCLA'-lTI0M OF EXTERNAL PROCEDURE REFERENCES
DFCLAHFD PUBLIC IN VILF 'LEVEL1.S RC'
1* IN MOT)ULF 'LEVELl$MlODULE'

VPSCHEDIJLFP : PT'OCEDUI: ' FXTFPkJAL; YND;
* /V~ IN FILF 'SCtIED.ASlM'



FT V ? PRu)CFTDU~i PYTv' 'XT-RIIAL; END;

LOC CTE -'Ir . P(CEURY (F7FNT~l,'PF) BYTE hXT.AL:

F N

LOCATF SE PT-OCFDUPE (SFQ4 NAMEF) BYTE EXTETN4L;
D FC LAR F STQS'JkM BYTF;

FND;

*DIM'INJOSTTC tMESSAGES OF -HOOKS j
$1IF NIOT 'A ORTEX

T)FCL ARF
'9SG1 6 ) YTTE INITIAL(VENTFRING PREEMPT ' 13 .10 ,'~
M S G17) PYTE I NIT I Al' ISSUI NG INTERRUPT!!',13,I0,'4)
M1SG18(*) 3YT1E I N TTI AL('FNTFBING AWAIT ' ,1?,13 ,'~
!-SG19(*) PYTF INITIWL('vNTrRING ADVANCE '1,~,~
MSG21 k ) P Y' v I '1ITIkL~ 'ENT~ERI Nr C REAT ErV C FORloW
tl S G 2i PTE IN IT I L'rNlT FFI N G EAD FOP EJC: ~)
1ISG24(*) PYT7 INITIAL('WNT7-RIN TICKET',13.10,";),
MSr25(* ) ' YTF' INITIAL( 'FNTFBING CREATrE$SFQ ' ) ,
MSG26(*) PYTE INITIAL( -FNT FpINC, CIETE$PPOC,10, 13' )
rMSG27(? BYTF I N ITI A~jl(3, 'PFTER ING GATE$EEPER N= t')

£ E 71 .A'

LF TITERALL-Y 'oAR';

.E ND I

G' GA T SF, FP 'P DROCEDUIP? BREWER E-18-PI **x

/~TYIS Pf.(OCEPU!,E IS THE F\!TRY INTO THEs OPERPTING
/ SYSTEM D(M-AIN FROM THE USER. DOMAIN . THIS IS THEF
1* CCESS POINT TO THE UTILITY/SERVICE ROUTINES AVAIL- *

'A B'F TO THE USE3i. TPIS PROCEDURE IS CALLED BY THF
P'GATF mOT'ULv WFICH IS LINKEP WITH rHF USER PliGPAM.
/~IT IS T4F GAtTF MODULV WFICH PTOVIDFS TiL4NSLATION

FRO'l TqF USER DV'SI RED FLIN'TTONI TO THF FORMATr RE7QtIR- *
F2P vo;., v[Hg ATEEPFR. TF7 rAT:KEEPE i CALLS THE

1* DFI~EDUTILITY/SlVICF 'DOrC DTJF IN LFVEL2 OF THE
4 /~C~'~ATI~J YSTEFM AGPIN PFIRFORMING THE NIFCESSP'-Y
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/~TRANS!,AriO10 FOR A PPOPrP ('ALTL. TFF TRANISLArrioNs A ( , '
1 ' 1 VII31-F TC, ',IfF USED: . 'IH;' TEKF 7P - ADD S S I S
DR 0 Oll I D AOT~~,Tr WIO~TtLT -n EE USFT FOE1 TE F, I
1,1~ "C ALL./

/4 FH PAR A'Av'F'r LIST I S PROVIDE)D FOR CONVFNI P C' 4AND
/ EPIES ENTS NO FIXED) "VN INC, ,EXCEPT YFC- '.N'.

N FUNCTION CODF PP OVIDED BY GATE '
PYT ? YC V A T P F FCR T"AN S LA T ION
WOb DS WO'-T)

pyp POINTr'R VARTABLF FOR TRANSLATION '

"ATF$KFEP7R: P (CFDURF (N. DY T, WC D S, P T ~E NT HA NT P E L iC;

D F C T A PEI (N. BYT) PYTr',
*O :DS 0-D
?TP POINPF";

/* 1-0 SERViCFS ARP NOT PCYNOWLFDGFD FOR; TWO TFASONS:
1. TPT:Y A'iB CALIED SO OFTEN THAT DIAGNOSTIC OUTPUT '

WOULD BE TOO CLUTTERFD. 4
1* 2. THFY TFFISEFLVFS PPLODUCF.S 1-0 EFFECTS THAT

ACKjjrwLEDGPE THEY VPW BEIMNG3 CALLED. '

SIF NOT MCOIPFX

IF N < 10 T77?N DO;p CALL OUT LIME'(RMSG127);
CALL OUT$NUM(N);
CALI, OTSCHAR'CR);
CALL cEJTtCEA~RfF):

END;

3NDI F

ro) CASE N/ ~'
C kLL AWATT(BYT,WOPD,-S); /~~'
C * LL A 1)V N:C F ('YT ); 1'
CALL CRFATF$FVC,( ?YT); ~24
CALL C'?EATF$SEQ(BYrP): P/, 3
CALL TTCKFT(PYTPTR); ' 4
CALL ICP AD PYT ,PTR) P ~
C ALL Ci ATF$PROC (PT I 15
C TT D-PEFrdPT( FYT ) ; /*7

0 CALL DEPINF$CLIUSTFR (WORDS) poc &
CALL rTSTrlI~RJTION$MAP( PTR); 9 /

SIF NOT MCOrlTEx

* ~ >1M TRICEXFYR.F ~ MYXTRACF I~~XT-RACE '~
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MYT'P C 2 'XTPACE --, ' MXrRACE A X T. A r

CALL c:UT!C'IAR(?TH): *

C')LL OUThNUm(PYT); /*/1
C ALL CU TS DN UM! 'C RDS) ~ 3*
C tLL D2CS7ATd (PTH) /'* 14 '
CALL IN$NUM(PTR); /* 15 0
CALL IN$DNUM(PTR); 1* 16 0

END;/0 OPSE 0

FN/ D;cATE -KF.EPFP

/0CIEATZ1$EV? PROCEDURE BliEWE, F-1S-84>

/1" Cd FATES EVENTCOUNT FOR INTFR-WROCESS SYNCHRONIZATION. ~
/* EVE"NTCOUN IS INITIALIZED TO 0 IN THE EFENTCOUNqT TABLE.,!

CtEATfE$EVC: ?W>"CEPUF(IAME) !IEENTRANT PUBLIC;

DFCLMJ'F IAME BYTE;

S: IP NOT MCORTEY

SMX TRACE ', ' MXTRACF ~~ MXTRAC'E -"" MXTRACE K "

/9"'" MYTRACE t'~- XTRAkCV t'" MXTRACE t0-: MXTRACE *:C

C ALL OUTSL INEU(OhISGE1)
CtLL OUT$NUM(NAME):
CALL CUT$SCRA(CR);

p ~CALL OU$ ?L V;

$ EN DIF

/0 ASSEPT GLOBAL LOCK'
DO WHILE L )CESET(PGLOI ATLLoC, 19) END;

1v /* THE F'VENTCOUNT DOEPS l'OT ALREADY EXIST 0

LOCAT~tEVC(NlAMF) = NOT$'FOUND THEN ro;
1CREATE THE rVPNTCOU\JT ENTRY BY ADDI14G THE /

1/' NE'h EVFNTCOUNT TO THF END OF THE TVC$TAB3LE 0

FV CSTB13L(EIEN11T S)FV C $NrE = M NA ME;
PV C$TBPL(FVWFNT S).VAL 1rv = 0;
EVCSTBL(Er!4TS)AEMOTFtADR = LOCAL$CLUSTE45ADDR;
E~r'I$'L(EVENTS ).THEEPD = 255;
/* INCiF~1rNT THE SIZEF OF THE E VC $T ABPL: E
EVFNTS = EVENTS + i;

END); /* CIREATE THE FVENTCOUNT 0

/1' RELEASE THE GLOBAL LOCK ~
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9j 'TI;IP ': :
F111.; / C7EFATW$EVC D:O)C;TUJ-v

ftc READ PR(CCEPUPE BREWER -18L-84 /

/* THIS PROCEDURE ALLOWS UTSERS TO READ THE PRESNT VALUE ~
U CF THE SPECIFIED EAENT$COUJT WITHOUT MAKING ANY 4
Pt- C lA NG'3 . -'POINTEP IS PA3SET) TO PEO7iDE A BASE TO
/ ' VAhIABLF Il THE CALLING ROUVINE FOR PASSING THE R.FTURN'l
/* VALUE PACK TO THE CALLING ROUTINE. /

2EAA P-;CCEU EN V C$IAME RlvT S SPT? ), RN TR AN T PJPL I C

D FC LA -F
EV c eNA!i foBYTE,
'EVCTBL$ IN DEX BYTE,
11ETS $PTPF POINTER,
EVC4VPLUF$FET' BASED ?ETS$lPT? WOK;D

/* WET TM? GLOBAL LOCK */

DO WHILE LOCKSET(RGLOBAL$LOCK,119); FAD;

$IF NOT MCORTEX

/**MXTR' 10F MXTRAC? *44 MXTRIACE M XT iA E *~

/xc** MXTPaCE 3""" MXTBACE **"'c* MXTRPACE MXTEACE **
CALL OUTSLINF(@MSG2Z);
CALL OUT$NUM( EVC$NAME);
CALL OUT$CvtR(CR);
CPALL OUT$CFAR(LF);

FN ED I F

/4OBTAIN INDEX 4

EVCTBIAIITErX = LCCA.TE$?VC( EVCSNAME )

/* OBTAIN VALUE */
FVC$VALUE$RFT = ?VC$TPL( ?VCTPL$INDrX ).VALUW-'

/*UNLO(CK GLOBAL LOCK *
510BA.L$LOCK = 0
9ETURN;

FEID;l/?$ FFAD P?OCEDUPE *

/* WPIT PprCEDURE
/* ---- ---------------------------------------------------------------- /
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P, INTF: P9CCESS S'!NCFR.0NI7ATION PRIMITIVE. SUSPE~JFS
/* 7'XFCJTI0N OF ;UNNING DP0CYSS UNTIL THE EvE 'TCGU'\T HAS
/P EPCHFP !PF~ SP'CVTED ?P,{ESFCLPn VA~LU, AITLVLJ9/

U~!SYD BY f! O'PEPATI, N?, SY TfVM FOR TTH1 MfAN GEME>JT OF
S~ SYST'M RS01UR C FS .

AWAIT: PnCDF(VtD PTDVLE PEFENTRANT PUBLIC;

DFC!AjiF
A'wAITFD$VAl.UF WORD,
(FVC$ 'ID, NYFDtSCHFI), R UNNINGSVP,EVCTBL$INDFX) BYTE;

$IEF NOT !CORT FX

/**MXTRACFE*4 MXTRACr' MXTRACE MX TRACIE /

V;fXTIACF MXTPACE ' A'' XTRACE I MXThACF ~K

CALL OUTSLINV((MSGl8);

SEND IF

1* LOCK GLOPAL LOCK F
DC WHILE L0CK SETPGLCPAL$L0CK, 119); END;
NFED$SC'HED = TRll?;

1* DETIFRMTN'rVar1~ RUNNINGj VIRTUAL PROCESSOR 4
RUNNINGI$VP =RET VP;

/~GET FVC INDEX *
F-VCTBL$IND7Y = )C.ATF$FVC(FVC$ID);
/* DrTEEMI>JE IF CURRENT VALUE IS LESS THAN TFE

AWAITD V.AlUE */
IF EVC$TPTIFVCTBI$INDFX)KVALUF < AWPITEDSVALUE THEN DO:

/~PLOCK PRCSS *

VPMl(RUNNII SV P) .PVC 8W'VALUF = AWAITfFD'$VALU:';
SCTPL' FVCT13LtINDTX)TRAJ=~~ySp

DIS ABLF;
PRDS .LASTSRUN! = RUNN IN4GVP;
VPM-U!NI'lJ7VP) STATF = WdiITING;

END; /* PLOCT PROCrSS ~

ELSE / DO NOT FLOCK PROCESS ~
Nf'FD SCFED F ALS F;

1*SCHRFUI E T17 VIRTUAL PROCESSOR *
IF NEED$SCI{ED = TRUE ThEFN

CALL 7PSC;EDULFE; /* NO -,ETUR2 "

/* UNLocr '.LOBAL LOCK /

GLOFAL LrCK 0
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EN D; /* AWAIT PROCF'."tF */

ADVANCE PiOCFDURF'FEE ~1-4~

/*INTF PFOCESS SYNCFRONTZA ?IONJ PRIMITIVE. IrNDIC4TES 2r7,
1*SPECIFIYD FVFNT WAS OCCrJRFD BY ADVANCUINCG(INCREMEN'TIN&"-),./
1*THE ASSCCIATFD E-VENTCCUNT. EVENT IS BPOADCAST TO ALL '
/~VIRTUAL PROCTiSSCS AWAITING THAT EVENT./
/* A C LL TO ADVANCE WILL RFSULT IN A CALL TO TEE SCHIED- '
/ ULER, EVFN IF TuE ADVANCING OF THF EVENTCOUNT DOES '
K ES JLT IN A-AiAKEN IJNG ANY N FW ?POIC SSES . THUS , ANY '

/' HlIGHEi- PFIOKITY ONBOAFD FP OCFSS FEADIED 'BY N OFF- '
/1' POA F:D OPF'KATION iOCTJLfl T;T SCREDULEP NE)YT. '
/*--- --------------------------------------------------'

,"c CALLS IMADF TO: OUT$LINF /
SYSTV'tIO/

1* VPSCHEDULEP. (NO fPETURN) '

ADVANCE: P~ErEupE(Fvc$iD) REUNTRANT PUBLIC;

DEC LAhFi
(EVC$ID), FVCTEL$INTDFX )BYTE,
'SAVE, RUNNING$VP, DIJMMY$VPR, I)BTE
CLUSTER $ATDR ' OR. D~

$IF NOT MCO'L'TFX

/~c*MXTRACF M 'XTRA CF P * MXTRACE MXTRACE *c

/**MXTRNCE MXTP AC-F *** MXTRACE *eX*** Ci *. C

CALL ou'r$LINF(QmSG19);

$eFNDIF

/* LOCK T117 GLOBP.L LOCK *
rC, WHILE LOCKSFT 907LoB'ALLOC,119); END;

FUNNING$VP =RFTS VP;
FVCTIPL$IND 'X = LOCAT7$FV0(FVCSID);
?vc~rBL(EvrTBL$INDEX).VALU'=FVC- TBL(EVCTBL$INDEX).VALjF + 1
IT - VCSITPL("VCTPL$INT)X).FNPOTESADT) < 1 LOCPL$CLUSTEF5$DDi.l
THTN DO;

,* PFEIT7' COPY TS NIEEDE) - THE CONVEINTTIN IS:

AN FVWNTCOU'4T THAT HAS A REMOTE COPY 4ILL
NOT HAJY"' ITS *:)OtArTDPT) FIELD EQUAL TO THE
T,0CALSCLUSTE"F7* 'l~)D!'.
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cLus'rR saR=r\T$TBL ' EV(T I INDFY).:EMO2$A D1P
XO') L()CAL$rLU:)TE:$ArI)H;

GLOT;AL"LOC*4
(rALL SYSTPMS$IO(Fl'T, '?C($TY PE-,EVC$ID,

F VC$TPL (EV CTBL$I IND.X ).VALU -,CLUS ?>.iAF .R);
DO WHILE LOCK 3F'( rLO'BIL$LG)CK,119t); END;

FND ; /* TTD *
SAVE = 255;
I = FVC TPL( 7VCTBLtINDFX ).THAiF'D;
DO W7ILE I <", 2t)5;
IF 'PM'I).EVC$AW$"VALtJF <z= EVC$TEL(F.VCT CLE';V AF
THEN Po; /- AWAKFN THF PROCESS 'Y
VPM(I).STATF RreDv;

V Pf-1f V C tAWV A LUF 0
IF 5~~=255 THEFN DO; !*H I2ST ONE IN LI3T~z

PUMIMY$VAR = VPM'I).EVC$T9RF-AD;
EVC$TB9L( EVCTBLS INIDEX) .THREPD = DUMMY$VAPF;
VPIM' I ).EVCST~r 'FAT) = 255;

I = VC$BL(?~T TBL$ INDFX )TH, FAD;
FND; /* TE FIRST *
'LSF PC; /~THEN THIS NOT FIRST IN LIST ~

VPM( SIVE ).FVC~qTHf-FA) = VPM( I ) .EVC$TH.'FADL;
VPM/ I ).FVC$TTWH~AD = 255;
1 = VPM( SAVE )LEVCtTHREAl;

END; /* IF7 NOT FIPST *
END; /*IF AWAKEN *
ELSE' DO; /* DO NOT AWAKEN THIS PROCESS ~

S ,IIF I ;
I = VPM( I ).FVC$THRFAD;

ENJP; /41 1F NOT A'WAbKFN 4
FN D; /:- r O WH IIE * /

PPLDS LASSRtJN = RUNNINC 7SVP;
7Pm'j-U\NI1T'rVP) STATF' = PFADY;
CALL VP3Ci:FDULFP; /* No P FTURj R
/*t UNLCCK THE qLOR9AL ICC V/
GLOBAL$i.OCK = 0
PFET UE~N;

FND; /* PDVtXJrF OCDF'/

/*PfRFMPT P- CCEDURFB'Eh -- 4
---------------------------------------------------

/* THIS PqOCEnU .F AWAKENS A HI PRIOITY PROCESS LEA VIN ;
/r' THE CU~hFT -JUNNIM1' PPC)CESS IN THF PEPDY STA;TF AND
/* CALLS FOP A RFSCHEDULIN,,. TH I'TfFFGH P iIOEITY PROCESS

, SHOULD RLCXg ITSqt'IF WFEN FINISHED.
/~IF THE VP ID IS 'FFY OR THE;' MONITOr P- -)CFSS, IT *VILr T

/"PKE IT RFAPY WHERE-FVrR IT IS IN THF VPM . THF. FCLLC*A;



"~CL."F (cHt I NCh I) YTK;

/'* r 9 F Ki P ORT S T A PUS
1fw(IMPUT(WDH) MJ O7W);

I F I NCHR 131 TEH'N
DO WtILF '1NCHN 0) lip);

IF (INPU'1(?DF) AMD 2HIi Q" Y) -THF'N

INrqqi = (INPUT(MDK) AN!D 01701;

DO WFILF (INPUT(ODAR) AND 01H) = ?; FNP;
O'JTPUT(OD97) = CM

EN D;

/ I IN W;X PPOFTIR F BREW0 8'-1H K4
/ * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

/* GETS 2 RFY CUAR F10M THF SRIUAL PORT AND IGNORES ANY- '
/* THINq ELSE. EACH VAIT HEX DIGIT IS EC7CED TO rhE 7
" SFRIL POPT. A PYTE 00VrJ IS FOPMED F>oOM T7TF TWO MEY
/~CHAR.

/Q CALLS NiAD? TO: FPCV$C7'?F

TW~EX: ~PCCFT)UPB fYTF FFENI-.T PUBLIC;

DFCLARF
ASCII ' ) ?YTE DATA ( '012AWYM79ACDWF).
ASCIIL('W TYTF DATI( 'V'24567S9',F;1,62H,-h§H.64P,6K',

66{),

I NCH, RVXJUM. H. L~ 1 Y
VOUNT)BYTE,

STOP PYTE;

/* 2'rT WT", PA ~RT OF VYTV ,

FQUNP 2;
DO W9ILF NOT FOUND;

/'* I F INVALID CHAR IS INPUT, COME BACK 9FRF~'
INCH; PyFcvuan;

STCP 0
/* COVP.?EF CHAF TO HFX CHAR SET *
DO W"ILF NOT STOP;

IF :TNQHR=ASCTT'H)) OW (INCH? A SCIILH) ) 47N~ 10;
STOP =FP

FOUND OWNFF;
rALL MOWSCH : Iv'TM ) /* TO FCFO IT
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SEND = UTO'H( T)NUM )
('ATL OiJTHEX( SENDT)
SEFND1 = LO0W ( NU M );
P'ALL OUT$EX 3VND )

F NMELN

END;

/4 FCVACF'H PROCEDUPF PKEWEP 4-19-b4
/*------------------------------------------------------------------------:,

/* POTTFM LFVCL PRO('EDURE THAT OBTAINS A CHAR FROM TME 4

/4 SERIAL EGHT. PADIPY BIT IS RET M D. CHAR IS MGMT I4
/4 ECHOED.
/* ---------------------------------------------------------------------

/4 CALLS MALE To0: NONE

SMYTRAC B MYTH ACE MXTR~A CE *** £1- ACE **t-/
/**MXTPO~CF MXTgA CF MXTB ACE '6**** MXT1-A CF

RECV$CHAI: PROCFDIRr PTT REt'NRPT PUFLIC;

DFCLA "V
cp) PYTF;

1* CHECK PORT STATUS PIT 2 FOR RECEIVE-READY SIGNAL Q/
DO WHILE fINUT(0DAH! AIJD 02Y) = 0; Vir;

cw: = (INPUT 'DSH) MN Vp'H);
qFITUQN CHR;

F ND;

'* 3FN1tCHAv PEOCEDUFF BRKEWF: R-19-t4 ~

'*OUTPUTS A BYTE THKU THE SFPIAL PrsT. THIS IS lOT P 4

,~SERVICE A VDI LAPLE THRl TVW GATEK FFIR FLIT If IS OP LLDQ
R4TY MANY ('F THOSE PRCEURES. IT WILL STCP SkIPING '
(A tND EVE YTING ELSE) IF IT SEES A S IT INPUT. -C

/4 WILL ?vlwPSF TRW PPOCFDUKI TO CONTINUE. 4

THY USKb PFWAPF! ! I I THIS IS ONLY A DIAGNOSTI C TOOM
/4TO FREE/C ThF CRT FOR STUDY-. FLFASI NG IT J('SN'f
4 ASSUVF NORMAL REUMPTION OF EXECUTION. (YOU MAY FCip74 '
/4ALL, POADS TO ID)LE FOP EX.'NPrF.)

/*--------------------------------------------------------------------------/

/* CALLS MADE TO: 4

SENWtHAR: PROCFI;E(CHAF) REENTRANT PUBLIC;
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OUTSNUN'! "O U7 NUM ) RHENTKANT PUB--LIC;

D7CLA'r r4UM BYTE;,

P ISA'PLE;
CALL OUT$HEXk NLUM)
ENABLE;
PRTURN;

F N D ;

/4 IN DNUM POC EDUP F ?iWEA, P- 1E /

/*---------------------------------------------

/G ETS FCU AS C II FRO!' %' ITAL PqRT TO FO)RTm ~ VAL U. F
/C CFIT! 717 P A.,'V THI S AME AS IN P OCEDUF IN$NUM 4

/4 CALLS MADE TO: IN $HF X

IN$DNUM: PROCEDPURE RFT PTR ) NF'JTRAIT PUBLIC;

R T$PTR POI NTFR,
PNUMl BASED RET$PT! 'w.rD,
(H. L) WORD; 1

D)I s A, p L F;
H =INSPEX;
H = SHL( H, 8 )
LI= IN$ TE:X ;
!PNUMr = i OR L);
ENAPLE;

/4 OUT$DNUM T)RO CFDUR F'*i8-88

U4 UT P J S A WO RD VA LUEF NUJMB9r ' IA THFE SF IPAL PC C/

/ r CALLTS MADE TO: O[IT$HTX

OUT~lt!U: PPOCFD)Ut F D)It)ENTAN UBI

DEC LA
PN'JM OD
SEND BYTE;:
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., . _- ; . 7' i , ' . .' " - , -
-  

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

/* OU"$CHAF PBOCEDUFF B1EWE- &3-1B-b4 -/

" SENDS ! PYTE TO THF SFIAL PORT '/
I -- _ ' /

/. CALL MADE TO: SFNl,$CFAR

OUTCFAR: PROCEDURE( CHAR ) REENTRANT PUBLIC;

DECLARF CHAR BYTE;
DISABLE;
CALL SEND$CHAT( CHAR )
FNAPIF;
??TURN;

END;

/': OUT$LINF PFOCEDURE BREWER 8-18-84 'K'
* ---------------------------------------- /-
/* USING A POINTER TO A BUFFER IT WILL OUTPUT AN ENTIRE W/

/* LINE THFU THE SEPIAL POPT UNTIL AN ' IS ENCOUNTERED "/
/ OR £0 CHARACTERS IS REACHED--OHICH EVER IS FIRST. CR'S*/
/* AND LF'S CAN BE INCLUDED. ": /
/4------------------------------------------------------------------------

/* CALLS MADE TO: SEND$CRAR /

OUT$LINE: PROCEDURE( LINE$PTR ) REENTRANT PUBLIC;

DECLARE
LINE$PTR POINTFR,
LINE BASED LINE$PR (A0) BYTE,
II BYTE;

DISP PT.F;
DO II = 0 TO 79;

IF LTMF( II ) -"1" THEN GO TO DtCf;
CALL SFND$CAR( LINE( iI ) );

DOlF: FNA LE;
R vTURN;

END;

/* OUT$NUM PROCuRF BREWER 8-1F-84 /
/* -------- ----------------------------- ----------------- /
I* OUTPUTS d BYTE VAULE NUNBFR THEU THE SERIAL PORT
/ ----------------------------------------------------------

/* CALLS "ADE TO: OUT$HX 4/
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/* I NPJT TO SIIAT. POR T V IP SE(CP61 DOWN LO PD PFOG 1RAM MAY '
/* NOT FF ACCEPTED./
/* PrINTFE, IS PDOVI'B T)y Y USYR SC 'IE CAN~ RE RETU %D -HE IH/
/* CHRACTER./

/* CALL3 MAPE TO: FEVCH p/ rii

INSCHAq: PPOCYDURE (RFTtPTR ) 9FENTRANT PUbLIC;

T)C L P 'i E
RET$PTR POINTFF,
INCHR BASET' RET$PTF BfTE;

DISAPLE;
TNCFR = RPCV$(7FAR;
ENABLE;

PFTUPN;
END; /* IN$C;TAR *

/* IN$NUM PROCEPURP BREWER 8-18-94 '
/------------------------------------------------------4
1*GETS TWO ASCII CHAR FROM THF SERIAL PORT, EXAMINES '

/91 TH;:M TO S 7F I F THEY A-- I N TH SFT 0 . . F HEX AAD FO-iMS '
SA BYTF VALUE. EPCHi VALID HFX DIGIT IS ECH4OED TO THE '
*CRT. IM?k(VDER CRAP ARE ICaNOliED. NO ALLC'WANCFS ARE '
/~mADF F()!? !!]ONG DIGITS. GFT IT PIGHT THE FIRST TIME. /

1*IF YOU~ ARF INDIRFCTLY ACC7SSIN~x THE SF:kIAL PORT VIA '
/ T"HT SPCQil DOWNJ LOAP P!ROGPAM FROM THF, MDS SYSTEM 4

1;' INDUT MAY '-OT BEF ACCEPTED. POINTER IS PASSED BY THE*/
*USER So YHILAT HE RFTLTRN7D TliF CHARACTER. '

,* CLS M.APE TO: I N $ ;FX /

IN$NU": P OCFDUR H li FT $PT R E RENTR A NT PU EL IC
PFC 1, ARF

PFT $PTP POINTFP,
NU'1 PASWD RFT$PTR BYTE;

P ISA PLE;
NUM = IN REX;

HETURN;
END; /9.' TN NITM *
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r Nj D.' Dr'FINP$CLUSTER *

1* DISTRIPUTIONSMAP PROCEDUPE iEwER 8-18-84 /

-- - - -- - -- - - - - - -- - - - - - --- - - - -- - - -
/* THIS PROCEDURE ASSIGNS GROUP ADDRESSES TO THi
/* PFMOTESADP FIELD OF THE DISTPIPUTED ENTITY. THIS IS P%
/* SYSTEM MANAGEMENT DECISION -THE USER (ALTHOUGH SYSTEM)*/

S. /* PROCESSES DO NOT MAKE CALLS TO THIS PROCEDURE.

DIST4IBUTIONSMAP: PROCED'JPE (MAP4PTR) REENTRANT PJBLIC;

DECLARE
MAP$PTR POINTER.
TBL$-INDEX B3YTE,
MAP$TAPLW BASED MAP$PTR STRUCTURE

(MAP$TYPE B3YTE ,
ID BYTE,
CLUSTER$ADDR WORD);

DO CASE MAP4$TABLE.MAP$TYPE;

DO; /* FVPNTCOUNT TYPE *
TELSINPEX =LOCATE$EVC (MAPSTAPLE.ID);EV$P*P$NF)RMT$DD=A$rBECUT'$DR
END;

DO;
/* STUB '

EN D;

END; /* DO CASE *

FND;s /' DITSTPIRUTIONSMAP'

$IE NOT MvCOl:TEX

/* CONDITIONAL COMPILATION OF PROCEDURES
ASSOCIATED WITH 9 * MXTRACE

* /*** MXTRACE ***** MXTRACE **-*' MXTRACE MATRACE **

IN$CHAR PROCEDURE bREWEII 8-18-84 ~

1* GETS A CHAP EPOM ThE SEPIAL POPT. CHAP IS !HINOT!!! Y..
* /* FCHOED. TFAT IS RWSPONSIPILTY OF USER IN THIS CASE. '
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/* SLOT OPEN SO WRIT? TO FR? ~
F 1INTDX =I !"D FFP9$RLOCK$LFNGrH;

F?B9 (FRB IqDFX).COMMA'"D = PEQUFST$TYPE;
FR? (rRBSINDWYX).TYPE$NAMF =NAMi;

F 'ERB$INDEX).NAt1,$VALE =VALUE;

V B (FP INDEX).PEMOTEtADDF = tDDR;
N' ?F T) TO ADVPNCE THE VALUE OF ERBswRiTrE

rO WHILVE LOCKtSFT(@GLOBAL LOCK, 119);
/* ASSFRT LOCK *

ENT);
I NT) r'X = LO0CT F V C (F RB W RI T E
rVCSTPL(INDEX).VALUF = FVC$TBL(INDEX).VALUE + 1
GLOT3AL$LOrK = V; /*' RFLE.ASP ,

/* NOTE THAT THIS AVOIDS THE UNNECESSARY OVER~- 4V
1* HEAD OF THE ADVANCE PROCEDURE '

END; 1* DO FLOrK *

* to); 1*STUB FOR NOW *

END; /* REQUPST$TYPP'*

END; /* PATH *

K 'ND; /* SYSTE M$IO ~

1* DFFINr$CLUSTvR PROCEDURE BREWEtt 8-lA-64 '

/* THIS PROCFDU PE IS CAL,,l CNLY ONY TIME AT hACh CLUSTERi.'V/
K /* ITS SOLE PUPPOSE IS TO DEFINF THE LOCAL$CLUSTFii ADDRESS.'/

~THI1S POOCEnlLf CALL MUST BE THE FIIPST CALL IN THE INIT '
/* PROCESS PROUJGHT UIP IN F'PCH CLUSTER.

DFITNFSCLrJSM,- P3-OCErURE CLUSTFR$IT)) "EENTRANT PUBLIC;

DECLAE CLUSTFPR$JD WORD,
* I BYTE;

LOCAL$CLUSTEFF$ADT)R CLUSTF$ID;
/'* FOR NOW OTHER ENrITIr'S FIELDS ARE UNINITIALIZED '

EVC~ 1'L(e) .,FCT~ADDP=CLUSTE,.$ it;
* 1/* FIFST FNI"~Y IN TAPLF IS A PFSERVED SYSTMI FVJFNTCOUNT 4-/

143

6



/* IS W'rITTFN TO ALLOW FOP THF EXTFNJSI0N TO OTHER DATP
1* COMMUNICPTION MFDIA.

/* FUNCTIONLITY:
QUEUFS UP REQUESTS IN AN ETHERNET uEFQUES" BLOCK
(EPP) FOP CONJSUMPTION BY THE ETHERNET, COMMUNICATION :/

1* CONTBvOLLFF ?OAPD (FCCB) DFVICRE HP'DLFR.
/*---------------------------------------------------------"'

* /* CALLS M'ADE TOl: !EAD *
ADVANCE

1* TICKET

SYSTFM$IO: PROCEDURF (PAT{,REQUEST$TYPE,NPME,VALUE,ADDR)
PfYPLIC RFFNTRANT;

DECLARhE
(PATH, RFO'UFST$TYPP, NAME, EPB$INDEX, INDFX) BYTE,,
KVALUE. ADPTR, I, J )w~D

DECLARE
ERB(EP.PLOCKtLENGTH) STRUCTURE

(COMMkND BYT,
TYPE$NAME, BYTE,
NAME$VALUE WORD,
R~rMOTF$ADDR WORD) AT (100H);

U IF PATH 7 NET THEN
DO;

DO CAS7 RFOUEST$TYPF;

Do;/* IT'S FTPF4NET AND- EVENTCOUNT ~
C'PLI TICKPTVEPB$WPITESPEQUEST, (C1);

I' I NOW FAS TPET VALUE OF TICKET RETURNED ~
C'tl 7FAD(FPWPITF, rOJ);

/* J NOW HAS Tvir VALUEF OF ERFSWRITE F
* PO VHILE (3 < I);

CALL TIM'E (10~);
/* 1 MS DvLAY ==> RFDUCE BUS CONTFNTION ~
CALL. RED(BOI'E J);

E ND: /'* DO WHILE *
/* WRITE To r'RP, IF IT'S NOT FULL ~

* CALL PEPP(EPR FFAD, @J);
DO WtTILF ( (I-J) )= ERP$PLOCK$LENGT tI);

1* IT'S FULL SO DO A "PUSY 'WAIT" /

CALL TIME
/* DELAY ONF PACYFT TRANSMISSION l1IME

QUANTUM *
* ChLL rEpp(WFBtRFAD, @J);
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/~TO Sr'T UP PPOC$STArKPTR ~
Psi = PR0C'rPPLE.PHOCSS? - I.1 3H;
PS2 = PRCC$TAPLEF.PvOrSS

PROCtSTACK.RFT$TvPE INT$ ETURN;
PFOC$STACK.P? = PROC TAPLE.PROC$SP;

*-PROC$STACY.DT = 0
PROC$STACK.SI =0
PROCSSTACK .DS =PROCtTARLF.PPOC$DS;
PROC$STACK DX =0;
PROC$STACK.CX = 0
PFOC STACK.AX = 0
PROC$STACK.PX = 0;
PR0C$STACv.rS = PROC TA'QLF.PROC$FS;
PEOC STACK.I? = PR0C$TA~lLv.PRo0$IP;
PROCSSTACK.CS = PROCSTAPLF.PROC$CS;
PROC$STPCK.FL = 200~H; ";'SFT IF FLAG (ENABLE INTRP' /

/* SET GLOPAL LOCK *
DO WHILE LCET(LOLLOK1); END;

L . IF PRDS.VPSSPFT1$CPU < MAXSVPS$CPU THEN DO;
TEMP =PRTPS.V?S$PERCPu + PRPS.VP$START;
VPM( TFMP ).VPtID =?ROC$TAIILE.PPOC$ID;
VPM( TF 'P ).STkTE = 11; /* READY '-/
VPMf( TEMP )KVD$PRIORITY = PROC$TABLF.PR0C$PRI-%;
VPM( TEMP ).FVC THPEAD = 255;
VPM( TEMP ).EVCSA~tVkLUP = 0
VPM: TFMP '.SP$IEG = PROC$TABLE.PROC$SP - 1AR;
VPM( TFEMP ).SS .REG = PROC TABLE.PFOC$SS;

PRDS.VPStPFW~PU = PRD)S.VPStPERtCPU + 1;
P R TS.VP$FND = PRDS.VJP END + 1;
NR$VPS( ?RDS.CPU$NITM'PFR)=
NR$VPS(PRDS.CPU$NUM97R) + 1;

E N D; /* DO ~

/* kEFASP5 TFF GLOBAL LOCK /

* GL(VPAL$L0CK = 0
RETURN;

FNfl; /*CREATE$PROCFSS ~

e 1 SYSTEM 10 PROCEDURE BREWER 8-12-84

/* PROCESSES A REQUEST FPOM THF ADVANOF PROCEDUhE (AND
/* OTHERS TO BE DVVELOPED) TO ArVANCE THE VALUE OF AN

Y' VENTCOUNT THAT HAS A REMOTE rOPY. ALThOUGH THE
/* CURRENT "ImPLvNTATTIDN IS LIMITED TO THE ETHERNET AS ~

* "TIRE PIPIUM FOR T)IST.4IRUTED rFVENTCOPUJTS, THE PROCErUiE v
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PP~ PC CE 3S I I riY, 'R '~I R FTP PRO0C ST A CK L OC A'21I0N,
/*AND TITE PRO-'CFSS rODF STAP'J NI LOrATION WIICH IS

,~~~::1 S *. :~,>\TTT v TD qFC1STFR (eM'ESFT) ANI TH
"s CS iF-ISTP' (CThD-F SF 'FNT).

* C A LLS m A IT TC CL~F

C RFAT F$PRO C ?R OC FIJ RF( PR 0C PTR R REENTRA NT PUb LI C

DECLARF
PROC$PTR POI N r'
Pt iOC$TABLE BASED p-,cr$PTl STRUCTURE
(PFOC ID T)YTE,
PR3C $p RI 4Y T E
Ppoc$Sp WORD,
PROCSSS WOR7,
PPOCSTP 'OORD,
Phocl2Cs WORD,
PROCSDS WORD,
PRO C$ FS W0,R );

DEC LA FF
(PSi, PS2) WORD,
TEMP lYT E;

DECLARE PT40C$STACK$PTP POINTER AT(@PS1),
PROC$ST4CK BASED PROCSST-ACK$PTR STRUCTURE
'LENGTF (VFFH) BYTE,
'-FTTYPE WOE--D,
'BP WORD,

* .DI WORD,
SI WOPD,
DS WORD,
DX WflRD,
CX WORD,

kx WORD ,
TiX W OR I,
FS WORD.
I IP WORDI
CS WORD,
FL 'WORD;

IF NOT MC'ORTEX

0 /"~~'MXTRDCF MXTRACE **** MXTPACE M-XTEACE ~~

/**gl MXTRPCF ' MXTRACVE *** MXTRACE MXTRACE

CALL OUTk1LINF(@MSfr26);

$FNDIF
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P, F~S F 1)T L'ALJ' ('F S?'.,C I F I F S FOJ U N rEF A N IN C 'E M Y'JTS Iru:
s~ SQU CEf . 8 PO I Tr R IS P "SFr T r J ?OwI DE A E A SF TO0 A ~

A I DTLE P T FFC 'L 1 0 .U T I NF F~' P S SI 1 21 K .41UF ' '"U

/~VPLUr' 1 AC ( TT47 CAL"I NG ROU:'IN F.

'~CALS, M'ADF Tr': OUT$LT'.'F

71ICKFT: PR CC FJRE SFOS'JPM F, 3ETS "Tq ) FEN RANT P J31,I C

DFCLAF~'
S FQSN AP PYT F.
SEFQTBL I NPEX Y T F
~FTS T- POI NTFP,
S7,Q5VAlIJ$R'T PASvr RFTSS?TR WORL;

DO WHILE LOCKS-rT(rqL0BA ,sLOCK119); E' D;

SIP NOT MCOPTEX

6 /*~~MXTPqICF V XTRACF f'2.*tXTFACF M'XT?ACE

/**MXTR.AC7 ** MXTRPrE NIXRAC *N:**z* mY.1RAC F~

CALL OuT LIJF((dMSG24);

ENDIF

/*OBTAIN SFOSNAME INDEX *
SQTBLtINDEFX =LOCATE SFO( SFOSNAMF

OBTA IN SEQUF!CFR V AL1JF
SEOSVALUF'$RFT = S1FQSTABLF( SEQTBL$INDEX ).SEQ$VALUE;

/ I PCHFMENT SETQUENCP.
SIQ$TARLF( 3)FOT1BTINDFX ).SFC VALUF

P$ T A FTE(SOT p T SNnFX).SFOSVA'LUE+1

/~UNL(CCF TFY CLOPAL T,(k */
* .1,LOBALeLO(v

END; /*TICK(FT PB0CEDTJ4E F

CPFATY Ppoc PROCEDURE BEE*ER 8-lb-84

,;:l S PROCEPU'iF CREATrS A PROCESS F017 THE USER AS
/"c SPECIFIED RY THE INPUT PAP.AMvTFRS CONTAINED IN A

/ STRUCTURF IN THr CYATE MODUI.E. THE PARAMETER PASSLD /

/~IS A PCINTF , WHICP~ P(rTNrS TO TRIS ST UCTUhiE.
* ~INFO CONTAINED IN THIS STMUCTUTRE IS: PROCESS ID,
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C'E Vr s s-j ci P CR~ P!EWER 1R1-

/9- C4 1FAT OR I's IT 7R PROCC FS S S rOQU F F R PR I m IIV ES Fd 0L' ,Sx /
/* p(, _p SPCEr A rnm 7 SCzIE SEENCF AD INITIAL- ;~

~I ZFS IT T() 7, Y P.DDI i(; TH7 3.-OUF'NC F TO THE FND (_F T~
/* sFQU, NCFIR IALF.

/* CALLS M-AIM Tn': CUT$INE OUT$CHA!c
OUTtHEX

C: .EATF$SFEQ: PHOCFDVP' ' NAP;)l FFNTRANT PUBLIC;

DFCLAFE NAMEF BYTE;

Pi' ASSF'RT GLOPAL LOCK';~

DC Ih FLE C$KSFT GGLOPAL LCTCK,119); Eir;

IF NOT MCOTTFX

/*'* MYTRACE ** MXTRACF MXTRACE ** MXTRACBE *'-/
* /-~MXTRiACE MXTRACE MXTRACF MXT ACE

CALL OUT$LINF(OMSG25);
CALL OUT HFXHAME);
CALL OUT$CPAr(CR);
CALL OUTSCFAR(LF);

* ENDIF

IF /* THEF SrCUFNCFF DOPS NOT ALPEADY EXIST, IF ~
LOCATF$SPO(NAMP) NOT$V'OUND THEN DO;

/*' CPEATE THE SFQUNCEF? ENTRY BY ADDING 'rH F -
/* NEW SEQUEFNCER TO THE END OF THE SEQ$TA'BLE ~

SFQ$TABLE(*SFQUFNCE.RS).Sv O$'JAME, = AMF;
SFO.$LA1PL~FSFQUFNCFBS).SEQ V'ALUF V;

/ * I~rpEFmFNT NlUMBFR OF SFQUF4CFRS /

SEQUENCE Rl; =SFOUENCERiS +
FND; /* CPVBATr TIVE SECUENCEP ~

;r~ it 7TLASF 747 GLOBAL LOCK *
'FLOBAL$LOCK =0;
PETUEN;

END; /* CRFAT7SSEQ PROCEDUTRE *

/* TICKET PROrPD!JRE BFhEWER o)-1p-e4 4/

'~INTFH-VITTUPL PROCESSOP SFOUE>JCEN RPIVITIVE FOR~ USER 1V

0 /* PROGRAM. STMILAR TO 'TAKE A N1UMEER AND WAIT.* RETURNS*/
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BLA INT$FLA'( CPU ) E

CPLT TINIT' 1

OUTPUT PORTSA ) 4ESET; ExJAELE;

END; /* 11OR m AL ?RFEMT /

ELSE r0 / PREENAT THF MONITIOP *
1* SFACF VPM FOP P TL ID'S OF VFFH /
SFARrH$ST =;

DO WHILE TrCC$SET(0OLORALSL0CK,1I9); ENT,;
DC CPU ~'TO (NFT$PPS - 1);

SFARCI $VND = SFARC T $ST 4NRSVPS( CPU )-1;
/* SET ALT, IN1T$FLA.OS FYCP'?T THIS CPU'S ~
IF PRPS.C?U5Nl~yR7R <> CPU THENJ

HP $INT F.AG( rDti ) =T",JE
DO INILM'X =SFAPCB$ST TO SWAR.CH$F.ND;

IF VPM( INDFX ).VP$Ip = VP$ID THEN
VPM( INDEX ).STATF = PEALY;

END; /'~ DO */
* SPARrP$sST = SvARCH$ST + 'l1AXSVPS$CPU;

END; /-, ALL MONITTOR PROCFSS SET TO ;.'FADY
/* INTF' PTTPT THE OTFV'P CPU'S A14D

?'SC7F7)TLE THIS ONF

',IF NOT MCOP'TEX

/: MXTY !~CF *x- MXTPACW I *P MXTP~ACF MMTACE

/",11" MXTRACF m Y'TR 1ACE IR * MXTRACE Y--*-- XTRA CI

CALL OUT$LINF(0MSG17);

SFNDIF

I)ISA'BLF;
OUTPUT( POFT CA ) = H

OUJTPUT( PORT$CA ) = F";

INDEX = Pvr'$VP;
DISAPLE;
PkDS.JAST4-UN = INDEFX;
VPM INrFlX).STATE = RFADY;
CALL VTPSCFFTULP.; /* NO PEFTURN ~

* END; /* FLSF
/41 UNLOCK ("ORAL MEMORY 4

RETURN;
END; /PPFFMPT PP(OCFDU-E 4
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/*- I NG CrF P OES NOT TAKE ADVANTAGF CF THE FACT THAT
/1" CIJFFFNTLY IT IS THF THIRD ENTR~Y IN THE VPM F'Cn F-ACH4

/* 11FAL PT'-OCrSC,,'2.

4/* CALLS fVADF Tn: CUT LIN F VPSCPE'WDULEH '

PRFEMT: PROCFEDURE' VP$ID )RPFNTRANT PUBLIC;

DECLAP ('VP ID,S hRCHSST,SFARCH$END,CPU. INDEX) BYTE;

$IF NOT MCOTFX

/* VXTRACE **) MXTRACF mxrRACE ** MX(TkACE *~

/~"MXTRACE MXTRACF''-* MXTRACE MXTRACE ~~~

CALL oL'I$LINE( OMS".16)

SEFNDIF

IF VP$ID <) OEH THEN DO; /* NORMAL PREMT i

/* SEPPCH YPM FOR INflEX FOP ID *
SEARCH-$ST = 1
DO CPU = TO (NRVRPS - 1);

SE CIIM P1 = SEA PCH$ST + NR VPS ( CPU )-1
DO INDEX = SEARCH$ST TO SEARCH$END;

IF VPM( INDEX ).VPSID = VP$ID THEN GO TO FOUND;
END; /~DO INDEX *
SEA!'CHtST = SEARCF$ST + MAX$VPS$CPU;

END; /* DO tCPU *
/*~ CASE IF NOT FOUND IS NOT ACCOUNTE;L FOR CURRENTLY ~

FOUND-
/* LOCK TFE 'GLOBAL LOCK *

ODO WHILE LO C KSET((GLOBAL$LOCK.119); END;
/* SET PPEEMPTFID V? TO FEADY Yl/

VPM' INIDEX ).STATE = RF'ADY;
/~NEED FARDWAPE INTR OR RE-SCHED ~
IF(COU =PRDS.0PU NUml;FF ) TPEN DO;
INDEX = HF $VP; P. DETFRMINE RUNNIN'y PRuJC':SS
TISA?LF;
PPD)S.LAST$PTlll INT)EX;
VPM( IND7X ).STATF = REPDY; /* SlT TO ? EADY /

CALL VPSCREDLER; /0 .' §ETURN ~
FNP;
ELSF DO; / ChUSv- HARDWA'RE INTERRUPT '

tIF NOT MCOBTE.X

/* imYTRP.CF '-* MYTRAC7 *'* MXTRACE MAT ACE "~~

* CALT OUT$LINE(RMSG17);
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r. V. 1

I F T 10H Tq!F', STOP Vr
N T; /'* FLSF ~

END: /* DO w 1ILr
H SL( H, 4 )

END; DO WFTLF ~
FOUND 0;
DO WHILE NOT FOLINn;

INCHR = Rr'CVSCHAP;
L = OF

STOP =0
DO WPILv' NOT STOP;

IF 'INCHR=PSCII:L)) 0'. (INCHhz=ASCIIL'L)) THEN rC;
STOP = F;
FOUND =F'T

CALL SEND$CJ4AR(INCH);
FND;
FISF DO;

L = L + 1;
IF IL 10H THEN STOP OFFH;

END; /* FLSF */
END; /'* DO WFILE ~

END; /" DO WITILE F
RFTURN (7- OR L);

END; /~IN$R{EX

OUT$HFX P OCEDURE BREWFR ~1-L4:~
----------------------------------------------------------------------------

1*TRANSLATES BYTE VALUES TO ASCII (CIfARACTE;riS ANDOUT/
/* TYEM THPR' THF SETH AL PORT -/

/*--------------------------------------------------------
/~CALLS MADE TC: SFND CHAR

fUTtHrX: PROCEDURv'(B) REENT?,ANT PUBLIC;

DrCLFF BYTY;
D0 DL AR F A S I I( "R BYT F D ATA ('123 4'67,-3 A 1,G:FEF

CALL SFNP$CHA(ASCII,11 SHI '(?.4) AND 0FH));
CALL SVNDSCHAP'ASCI(B AND VFH));
RETURN;

/* FND CONDITIONAL COlPLTATION OF P.ROCEDURES NFK,)EP FOR
MXTRACE
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EN D~ I

"" SENDIF

END; /4 L20DULF 4: I

1 b I

/*4c4***c*)c**:2c:,:t2:C44 cl**o4:c44



r A PPE"D IX H

IFVFL T MCOFTEX SOURCF CODE

The LEVEL I source code, written in PL/M-86, is contairp

in file LFVFL1.SRC. The SUPMIT utility [Ref. 1:] is used to

compile eithpr MCORTEX or MXTPACE versions of KOPF. The

M(CCRTEX version of LFVFL I is compiled by using the SUBMIT

file LICvPm.CSD. LEVEL I is one of the relocatable cole

modiles shown ir the SURVIT file LNKKM.CSD in Appendix 0.

The SUBMIT file LOCKM.CSD is used to locate the various

modules to file KOPE. After transfer to the multi-uspr

CP/M-86 system, the cnoe is saved cs KORE.OPS as iescriter

in Appendix A). Analoaous files are provided to generate

KORF.TRC. The memory maps created by the link<er and locaior

are includerd at the end of this a-ppendix.
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L1CMPM'.CS) SUBMIT file X

*F1 PLMP-6 :F1:LFVFLl.SRC SY'T(MC OR TEX) 1NCON0D LEFT FMAiGI N
LARG7

LICMPT.CSD SUBMIT f ilIe

:F1:PLM196 :F1:LFVYL1.SFC F FS FT M C 0 T EX) N CC 0D L F7,T; ';i 7
LARG7'

LNKKM.CSD S PM I ' f ile

:Fl:TINKP6 :P1 1,?VFL1.OPJ :F1 LFVT-L2.CEJ,:F1 .SCITED.OEJ,
:Pl: INITK .O'RJ, :F1 :'LCB1AT .OPJ TO :F1 :K~iRE. LNK

LNKKT.CSD SUBMIT file 4

* ~~:Fl:LNKBC:1LVL.P,:1LVL.BFi3LDO6 i
F1 lI NI TK .OF,:F1(LOP A!,.O0PJ TO :P1RK E.TLIK

) I I :t :C , .* ; : 4 ,C * *c I4 4 4 4 ~ ~ ~ 4

LOCK~M.CSD SU~mIT file

:F1:LOCF~i6 :F1:K0RF.TNK AI)DRFSSFS SEG.MFNTSI,&
STACK(0C55(0).,'
INI TMO1D C CODF ( 0439('H~

S FGS I ZESTACV 75Fl))&

P FS FP V F OF7 VO c1r.6PP1



LOCKT.CST) SIBMIT file

A F1:T.OCRG :F1 :KORE.LNK A DRFS SYS(SEGMENTS(
STACK 'C5?0F) A
TNITMOD _CODE(Ce4 OH),
GLOBALMODULE_ PATMO0F30H) ))&
SEGS IZF(sTC(5) )&RFSFJRVF(OPT TO OAPFFIH)

LEVEL1.SRC f il1e *

/* F ILE: LEVEL1.S'IC
VERSION: BPFWER B-I 4-84

6 PROCEDURES
DFF IN ED: RE7.TS VP RDYTRTSVP

GETWORK LOCATE$EVC
LOCATF$SEO ID.LE$PROC
SAVE$CONTEXT GFT$SP
MONITORSPROC

RFMARKS:
(1) WARNING: SFVPPPL OF TEE LITERAL DECLARATIONS BI LOW
RAVE A SIMILAR MEANING TN OTHER MODULES. TEAT MEAN-
ING IS CONMUNICATED) ACPOSS MODUTLES BOUNDAIIFS. B E
CAREFUL WIEN CHANGIN3 THEM.

(2) COND)ITIONAL COiMPILPTION WA.CILI PITS ARE USED TOC
PPODUICE TWO Os VPS IONS. 'mCO)ITFX PROVIDES N-C
DTA'INOSTIC ASSISTANCE,. WHC%~AS "MXTRACE" 1 PROVIO11RS
DISPLAY rESSAGES ANNOUNCING THE FN'TY INTO VAR.IOU)S

0 05 PRIMTTTVFS.

L1$0ODU LE: no;

0 /~~~~~ 0 3 F) 4":4:c 4444 *4~ 4*444 ~ 44 4444

/~~9 *, 94 * ************ * ,; , 4, 9c Y.,: ' 4 ,)". 4 -44:

/4LOCAL DECLARATIONS ;

DEFC A AR
M AXSC PU LITERALLY '10'
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MAX$VPS$CPTl L IT ~A , ,Y
mAX$CPU$$ 'AXVPS$'fJ LITF~bLLY v
FALS~ LITERkLLY
TU YFDY LITERALLY 1,
RUNNING LITFRALLY '3
*AITINq LITEPPLLY ''
TFUF LITYPALLY Z
NCTSEOUNI' LITFRALLY '2tz5',
PCRTSCel LITFRALLY - 0iCflAH'
PO~rT C2 LITEPALLY 'OcC2)H,
PORT$Cv LITERALLY ~C F Ti
PCRTtCA LITERALLY '13CAH',
BESET LITER.ALLY 01
INT$7FTU J LITERALLY '77H,

'^IF MCOHTrX

/*c; COPTFX M MCTF X ~*-*MCOTBTEX ~'MC ORTFX
I DL F SS TACK S FG LITERALLY 'OC5DH. /.:c/

IDLF$STACFArS LITERALLY C5>, //
* INITSSTPCK$SSC LITERALLY 'oC6EM, ci~

I NIT $STA CKAPS LIrFIALLY '0C65VHW; ~ '

/~*MCOI TEX *~*MCOPTEX *** MCORTEX m MCP.r E Y.~
/*'~MCORT7X ***COIRTFX **-* MCORTFX MCORT-X -/

$FLSF

* ~MXTr-ACF MXTPACF MXTRACE M (XTRAOF
M' MX T2 A C F MXTRACE , MXTR1ACE *e4tMXT ACk

*IDLF STArK SFG LITFRALLY '0;31'
IDLF$STPCK .PS LITERALLY 'OC63OR',
INI"T$STACK$SFG LITFPALLY 'OC63Hr',
INIT STACKPS LITVRP.LLY '0C6ROHA',
M'ONTTOF$STA(K SP( TITFP ALLY 'PC73H' ,
MONITORSSTACK5APS LITERALLY 'OCTY30'1

/~:*~MXTRPCF,~~ MXT"P ACE MX Tf C ~ X XT- ACE '~

/ r) X(T- A CE M):T- , CP MXTF'A CE A

$VND)IF



~y0

/~PR0CFSSCP IPATA SFEQUMFNT TABLF
1* INFO;.mtTTON; 'FLFIVMtT TO TflF P~tTICULP -i ?11'f-' CAL
1* ROrv*SSOR M~ 'UC IT IS FIE.

/I CUW!MvP: UNIO'JF SFOU7\TI L NUM3i ASSTG'EiL TC ~
THIS PEAL P!OCESSOB.

V* VP~SrST 1 VPM INDlEX OF THE FIRST VIRTUAL
PROCESS ASSTG'JED TO THIS REPL CPU. ~

VPSEND: INDF7 IN VP" OF LAST VIA-TUAL. .. 7
vPs$Prl$rDU: TFF NUJMBRFr Or VP ASSIND TC TH~IS

REAL CPU. MAX IS 1V. /

1* LAST$RUN: VPl1 INDFX OF TH.-- PROCESS YOST
,/* RNTLY SWITCHFD F--Oiv RIUNAxINC, TC

FITHTIR READY OR WAITING.
Cr'U.NTFR AN ARPITARYf 'IASUP CF PF "F O,' A'2.:

1* COUNT MADF WHILE IN IT)LF STAT;.'

DECLARF PRDS STRUCTURF
(CPU$NUmrzEP BYTV',

VP$ST PT BYTE,
VP M IR BYTEF,
vps$PF'PYru BYTF,
LAST$RUN PYT;!,
COUNTFR WORD) PU'QLTC INIIL( .,7V0

/*011

/* GLOBAL DATA PASF PECLA ATInNS
/.c DFCLA~l7D PIJPLTC IN FILE 'GLOEAL.SRiC

IN MOT)ULF 'GLO3AL$MODULE'

T)FCLAFE VPM( MA$?t MA$PtP ) STRUCTIJPF
(vpsID ?YTE,
STATEF BYTE.,
VP PDTOPTTY PYTF,
?VC$TJTVAD ' Tr

s S R T VORD) FYT7HNAL,;

F DFCLA-"P
CD U I N' YTE FXTFIP\!AL,
RDW$INT$PLPG( MAX$CPU ) EYTE FXTERNAL,
Nl$VPS( MAXWPU ) RYTE FXTFE'HIAL.

0 NR TPS BYTE EXTEPNAL,
GLOPALSLOCK BTE FXTERNAL;



DCCrT.A F
? VW'TS BYTr EXTVRNPLT,
FVCtTPL(1l0?) STIrurTU r

V AT7 JJ WORD,
RwM"OTr rrR worD,
THREAD BYTE) EXTERNAL;

DECLAPE
SEQUENCF{S BYTE EXTERNAL,
SE0tTfPLE(1N') STFRUCTIIEF

(S'FO$N.AME BYTE,
SF~tVALUE WO~R)' EXTEFRNAL;

/'* PECLArsATIOI (F' 7XTFJRNATJ PROCEDURE REFERENCES/
THE FILE ANDT MOTDULE WHERE THEY PRE "DFFI N ED A R'

LISTrD./

INITIAL$PPO C: PROCED)URE EXTEFRNAL; :-ND;
IIN FILE: -INTTKK.S!?C *
'~IN MODULE: INIT$MOD *

AWATT PROCEDTURE (FVC$ID,AWPITFD$VALUE) EXTERNAL;
DECLAOF VVC$ID BYTE, AWAITEPSVALUE WORLD;

E.ND;

VPSCHEPULFR: PROCEDURE EXTERNAL; EMD);
'~IN FILE: SCHED.PSM */

DE CLARE TNTVFC LAPEL1 EXTERNAL;
/* IN WILE: SCBEP..ASm, V

0 DE~~~nCLAP? INTR VFCTnOP POINTEL; AT(e-11c0W)INIL(Ivc)
/IN FILE,: SCFEL.ASM '

STRPSr DI AQ\OSTIC MVSSA~vrS MAY E'VNTUALALY 1I? REMO1VFD V
* *TRV UTITrTY PROCEDUF'S, TTCWvFER ARE ALSO JSEV i T TT*E

/% VON\ ' PrOC'vSS9 T4EY SHOULDJ NOT Bil l'EMUlED. 'I

SIF NOT MCOTFX

* /**z~c~:MXTrF MXTPCF ~'*~*MXTBACE f",-' MTB PCF ;**
/** XT ,PCE F * MXTRACF c'**MXTPPCF 1tvMXTPACF"4*
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DFCLAR'

MSG1 f* FYTr I'J1TI AL (FV .13,1V

MASG4: "') BYTE INITIAL ( 'VNTP I NG FDYTHlis vP' , lo.'
mScr4A''*) PY W INITIAL (' S'FP VP TO ,EADY: '.P
MSG7(' PYTF' IN ITIAL (' NTFRING (FIWORK 13 .107)
MSG7A(*) PYTr INITIAL C' ST VP TO UNNIN;G: 'I = /

MSG??(*) P YTF I N IT IAL S EL'wCT ED $lVE V')
M S Gl0 'P YTF INITIAL N '~T PI N 11 ifL VP ,135,1( C
VSGJ1 P BYTE INITIAT, ( UP7)ATE ID)LF COUNT . -. V
M SG12(*) PYTr' INITIPL 'TNTVRTNG KERNT-LS $I N 1T10 , 13,'~)
trSG20'* ) PYTr' INITIAL ( ;4TVR INC, 1O(CATE FVC '. 2, L3, Ile)
MSG22(*) PYTr' INITIAL V'FNTFRINr LOCATEV$S?. '11013, '4'
MSG23') 'RYTIE I N ITIAl, ( ' 'FOUND' 10, 13,''Z'
M/SG24(*) 'qYTP INITIAL ( ' 'JOT POUWD,101.13.')

DFCLARF
CP LITFRALLY 'ODHi,
LF LITFE LLY 'OAF'V;

OUTS CHAP : pRO rF)t'RE' CR.AR ) XTPRNAL;
DECLARE CFAP ?YTP;

E N D;

OUT$LINF: PROCFDURE( LINF$PTR ) VXTPRNAL;
DECLARF LINF$PTR PCINTEr?;

END;

OUT$NlUM: PROCPDUREC NUM ) PXTvRNAL;
DECLAREl NUM BYTE;

END;

-, OUTSDNUM: PROCFDURP( DNUM ) EXT7RNAL;
r£ECLAFF DNUM WOw';

FND;

OUTSHFX: PPOCEDJJB(P) rXT'TRNkL;
DFCL.AFFB~YF

END;

INSCHTAP: PRorFruRF ( RvT$PTR ) ETERNAL;
T)FCLARF Q~ ..TR? POINTER;

END;

IN$DNUM: PROCrDURE (RET$?TR) "XTFRNAL;
* DECLARF ?T PTR POINTEP;

END;
IN$NUM: PPOCFDtJPE (PETtPTR) FXTER\AL;

DFCLARF T-FTSPT POINTrT'P;
FNr;
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SYNDT F

/* STACK DATA & INITIALIA 'ION FOP, SYSTFm PIIOCFSSFS

D' CLA!J IDL~tSTACK S THU" 11Ei E

R VT TYPP WO D,

SI WORD.
D)s WO D,
DY WORD,
C X WORD ,
A X WO'D ,
PX WORD,
FS WOPD,
START POINTFR, P~ IP.CS ~
FL WC'~P) AT(IDLF$5TACK$sPS)

INITI AL(

DEFCLhRF INITtSTACY S T' IJ'CTURF

RFT$TYPF EOD

WOPD.
SI WORD,

D)X W0 D.

AX WOPP,
Px WOrD,
vs WORD,

START POINTEF, /* IPCS 4

FL WORD) AT(INIT$STACK$ABS)

/* 2007 SFTS THE IF LA,/

SIF NOT MCOT'TFX
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MXT:;ACF : k4* XTRACC r 4 MXTRACE **l,- MTHAC~~*:~
,,*t* *~*4m*4* MT9AT MXTRACF 42-T4/

DEC L' MOJIOSSTACK STRUCTU ,.w
(LEPNTF(0P3?H) WOiD ,
RFT$TYPE WORD,

'Q'P WORD),
Di WORD ,
SI WORD,

DX WORD),
rx ~ WORD),
hXWO D ,
Px WORD,

FS WORD),
START POINTEP.

rL WORD ) AT (MOMNTOR $STACK$AES
IN ITI AL(

/**MXTRACW MXTRAC-F ' ' XTRAC- ~ IXTRACE /

/44-MXTT ACF 9~4*MX RA C? r * MXTT A CE 4,kMXT AC K

SE NDI F

/0 3 1 gSt;44*4*** ***.44:4 -. . .*4

/4 PET V P PROCEPIJPE BREWERiL d-1R-4 ''
/4-----------------------------------------------------------------------

/4USED BY TIl SCHEMUER TO FIND OUT PAT IS THlE CURRE'KIT "

/* RUNNTN"' PTOCEFS S I T'S I NDPX I N VPM IS fET[URJED.T

/* CALLS NAPE TO: OUT$HEX OUTtCHAaL

RIPfTYP: PROCEDURE ?VTE PFEITRANT PUBLIC;S

DECLAREF RUN~I1Nr]'VPINrRX B3YTE;

$IF NOT MCO'T?'X

/4*MXrP ACE MXTRA CE MXTR ACE 4c4MX T AC Et1F 4

/**MXT&ACF ~""MXTACE MXTRACE ~"'MXTRACE '~

CALL OIJT$LINF(0MSC1);
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,' A SIPCF THF '!D MAT) F07, PTN" P(CF3S I % rX ~
DO 7;UNN I N!%VPS I NrX PTRPS .VP 5ST ART TO P?~F*S .VP$F P;

IF VPM( 41JNlNI ,rVr-TIM'FX )STATE LNI'
THvN 10 TO Fr~tND);

F ND; /* TJO *11'

RUNNIP'G$VPSIND)vX = ?RDS.LASTS t UN;

FOUND:

IF NOT MrOPTFX

/*~MXTRACF *~*m.}X(T R '**MXRAE MXTRiC MT-ACT,
/**MXTH 'ACE **mIXTRA('I' '** mXTiArl ***x: MXTI)ACF :;*

C PTL (ttT$LTN7(CaMSG.T1.4) ;
CALL OUT$HvX(RUNNINrvlTDlDX);
CALT, 0UT$CF.AFICi);
CALI nUT$CtTAR(L!F':

PETUI N PUN IING(,VP TNT)FX;
END; /* RFT$VP PR'OCFDT1BF

/~RDYTFISVP PROCEDT1Fr p BUF F R E) -4 ~

/*CHANGES A VIRTUAL PROrESSOR STATF~ TO RFADY

/* CALLS MADE TO: OUT FF'X O)UT$CHAY

HDYTHISVP: PROCEDtBF REE\JT'ANT PUBLIC;

$IF NOT MCO-TFX

-:--:t MXTRACF MYTR'Av C *MXT"RACF :~~'M/P AC ~
/**:-'' MXTr A CF V XTRAr V'' XTAF, ~ E~ MX 1'r: I F'

CA Ll OtT-,TLTNF((a'lSC4);

$ END IF

PR DS .LPAS T$RUN 'T $ VP; /' SAVE INDEX ~

tIF NOT MCC'RTEX

/~**MXT- ACF r MXTF.ACF MXTRACF MXTPACE
/ ~~MXT A CF P MXT RACE MXT ~ ACF MX-1 qR A C E /9

CALt OUT$LTNF(PMSG4 );
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CAL O., UTSHPX(PRDS.LAST$PUN);
C A 7L1 OUT$sC {T P(C R)
CALL CU1T$CP~R(LF);

t, F 14 T) I F

V P,"( ?RDS. L AS T$R UN.S T AT~ F R A D Y

END; /* EDYTHTSVP DPOCFP)UfPF'*

'* Sa.VPCONJTEXT PPOCEDEJBF BEE!>? -lR-;-4

/~SAVES CU ,?FNT STACK PCTNTFR ANID SE~r1 Nr INJ VPm
/4-------------------------------------------------------------------------

/~CALLS M-ADF TO: RFT$VP

SAVECONTEXT: PROCEDURP (STACK$PTR, STACKSSEG) REEN1>RPNf

PUB LIC ;

DFCLAFF (STACY PTP, STACK SFG) WORZD;

IF PPDS.LAST RUN <> 255 THFN DC!; /*' IF FNTRf IS INCT ~
/* FROM KOHE STA:r'A/

VPM PR'S .LAST 3UN) .SPSR~q STACK$PTR'; /;?,SAVF STACK*/
V MP SLAS Ul).SS G S A IC K$SEG; / ST AT F

E N D;

G r CT $S P PROCFTPUBF PREW1h0 -1-H
/4--------------------------------------------------------------------------------

R~ FTIJRi'S STACY Po N7 OF CUJP 1,J U"NIN'~ P',OC 53 AS ~
/9- SAVED IN TTF VII TUAL PPlCv'SSO '-'A?

/ CA.LS m , DF TO: RP'T$VP

IIFT SP : PF OCFDUF F WORD PEJTTP8:T P1B I C;

DFCTARr' N1 PYTF;

N FTSVP; /rF(~T CEJ P'NJT 7tflNINrG VIRTUAL P-.GCFSSO ~

PFTUIIN VPM( N)SP$?EG; / PFTIJPN ~JWVP STICK PCJi, TE
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. ) DFT rA 'INS 7'TH F Nv 'T" 71LIGIPL7 VIJI'TUAL ?~~S.T( :U.: u
/' , AL L MA T TO:l OUT~r t r) ~UT T T NE -k:D~J

-~TWORK PCYR WORT) 777NT? AV' PUBLIC;

D)FCLAFF S FLEFC T F7) 1 p Op ;
DFCL'R r DI SPL AY lp

SIF NOT MCORTEX

/*.::MXTP A~ C' F~~ MXTRP~ CF MXT P ACF VXMT F AC

/~:~ X T A C' ~ XT? FP C F ' XTRA C , Y T . ' . A

CALL OUT$LTNF7q 11VG7)

SEND IF

PRI =255;
DO 1* SIPPRC9 VPM P'OF ELIGIBLE VI PTUAL P':OCESSCR

TO' RU'l */
I =P DS.VP STdPT TO PF.DS.VPSFNTD;
IF /':' THIS VP'S PTPIOM.TY IS IjTHFR Tl .VN~

VPM(I ).Vp~Ppl,.Icprr <= PFI) Al
(IvPM(I).sTATF =PFADY)) THEN DO)

P. SFLr'C1 THI S VIRITUAL PROCESSOR
?F1= VvM(I).VP ,PRIORITY;

F4r; /* IF *

FND; /%- DO LOOP SFA ?CH OF VPM ~

1*SrT S7LFCTFD VIRTU. L PROCFSS(MT*
VPM'N).STA1'E = LNNNT
S FT,7 CT FDT) P !F = VPMNSS T

SIF %;T M1CORTEX

~ M~'ImYTA CR mXTRP Cr vy~TD ACK XA,
MIXT'-' CF " A'tXTP~A CF MAXTP ACF MT .

C ALL 0UTSL IN F ?klS r7 A;
CALL rUT H?,X(N);
CALL. OUTtrpAp(rp);
C ALTL CUTS C T A R (LF):
CALL rUT'jLINF (ZS'7?T

* .L OUTSCuAP (r;

(,,A~ ~ ~ 1 F;m TTD 1F



S - I. AP V1 1 T V K7T

El:~~L LC :T nvfrr A'Q2Y V~;./n (=

SIGMFNP 1ft"A~Pfl ,;v

$;EGST NT(S2'T)CO~

SYMBOPCl TABL7' Q~v AODULF LiMODULE

~C 2? V6 "U P.ID S OA C? F 5H 7U? R CL r CC I <
?AC~~~~~~~i~~~. 3.9' tILPO ACW FDT PUBP OAL:
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1 -- --- - IMITMOP-AT PA AT A
-- G -- LOBPA1,MrODVLTF C CO DE

077 -- GLO'QALM-OPTJT,F- nAt

rNPUJT MODELY S INrLUDEFD:
:F1:lVPL1 .OBJ(LIMOP ULE)
1 J1! IL2 .C(P.T (L2; MOPIJ11LE)

tFl :,LOBPL .O(TLO'LMODULF)



~3AT T ~'T TL( LJM 1 C F

r' 011C erIT "11'7 N'( 4? T a (APSOLUTF)
A4 3 0H 0 4; A 9 u 011AIT w PITTNIOT)_CODE COD7

I?,P D T f?1 T 1 T) 3 W L1MCIntJLE' CODE CT
X9 A 1H 0~M~~ r94 A,7T rA 2w MODUTE_ CODF CODE
0 C 4 Q-F ~C49~- QF 00 W "ILCYRALM(DULEC CODP

.r 19 E f r'~ "I :W 7 Llq'q;.mODUL7 D~ATA
oC4A JH ~CA~ 21q n'.P' L MODULF PPTA ,rP

?4 ?i'1 vc -~ 4~ c-'? i(' S CFEDUL F?
(I c55 'F, 2 cCC" 1-7U STACK ST A K
~r 5r. p ocr,49F 917AP A 'APS0LtJTL)
CC b bc H (Ccr9pP ?v7AF . ABSOLUTE)~
10 1. 17 10(.~7Tj qo?709U A PS OLul,)
530OH 01?9H 7U7 w OLOPALMOPULE_ D DATA
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IS-I II M rS-OP, Lfr"'FQV V11A IIVCQ Bv ;Y:

GTO AFM~~ L ("rF ~ ss's

Y ,GSI'F(SA(V " )R71.T

SEF§MENT4' NC' NA-tr
1API! SyC:-F CGME1T IT I N PP(3FPVFI) SPACE

SBf"FN TT: IITmO()P, C 0 T

SYMBO0L TABLE rr mr'PULF LTMCPUT~r
T-F 'AD FrOM FILE :F1:KOP'F.LM!v

tRITTEN T IT].' -F1 :WO~

TQSA s CFPSrT T"YPE SYMB OL PASPF 0F?~SWT TYPEF SYFB(L

$C49Ii 00t0qT PUR PPS ?7AH 0.53011 PUB IDLY)frQC
2RP70 'T P' 'D UP LOC AT S 70 A?74 ,' ' 2941' PUB L cATh' VC
PPP 02(3'7 TB9 GETWOP PT17PHr 0 1EF3 H PUD GFTSP
0?70Y 11AFHI PUP SAFO TX PBR7-! 31951q P UP F DY T4ISVPD

P 7 ,1 0 13'A H ?U2  ET1IP BRAP ' F09771 PJB rFIS T ] I-

0,BFA D 09L.3TJ PUP P'FIM11"%ULS T-R OP A3 H 8O149 PUB SYSTEMI1C
OBADH 76P vFP PUP CEAT'P;00 OBA PF , -ThEWH? PB TI CK FT

LBA. 25EP11 PU' CUIATTS vO r ?A DH 0@3F" PUBP EMT
'B ADHF ~2 t4F PUB,- ADT)V ANC4r ('B Afl DH g~ mlP UP A,.VIT

0pI D TT! @i9r DP? R 7A rO A PIT 00i1T ?UP , CKArK VC
oR BAE 0) 0 P3611 P U 1 " ~AT F 'E 0 C4H V p? PU P VPSCHEPuLK?'
0C4B9 0033" PUP I N,1V FC 3 43 9'! t" 2 { P( P? I NITTPL -C
F530H1 Q25A9 PU P1 VPM F 53'0 Ti 06531H DPJB S 4"TPA3LK,
F 53 0ii .65 81 H U? SFOUFM1C??Sq F530 H 065 9" PUJB C PU I ,I?
F..5 327T 9019 " tT ?U FVCTBTJ F530- O000w PUP IO(C PL-

E5,'f?R H065811 PUn EVENTS V53?PH V64L11 PUB FUDW I ]T FL
5 30 0Fo~w )f 9 K tU PPS p53011 ( h3t N2 NW'p s

F 5.3~ 64 21 PT PT? GLOP AL0CY
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/t::.~k.r~r'' yT~~' A Y M'T ~ T AYTt! C /

T'R DS I ST5 RUN =2c ; /' IN~nT(AT7 ST! PT FpiTH T o

I~ DS (7FDT FIR; /:-- Tu<

/c ',t :c xt.... . . . . . ./ : Y.

M C 0FF x CODTFX MicC C T Fx

I S IS-I I MS -9 C L T KFF IT '1 .1, r J')' PY:
Fl: 1! K : P .'l ,F V'L 7.1O PJ , PF IT. WIF L 2 . 0FPJ . F1 :S C Fr1 .PJ ,&
Fl 1 1 NI - K .npJ , .Fl1: "Y0 7,OR.L . C 11,T T ( F I :N K

1TNK MAP FOR :Y1 :KM?.LNK' 7lmflT)UJF)

LC(Ct'.L S",'M FNTS INCLUT'FD:
L F'VIT 8 D T PFSS SF(MVNT ('TlAS S

'AD3 -5 1) .5TlMOT)JLF ('ODr COD"'
91,V 1 - LlmrDULFW nATA. rATA

P ' : - ST Cv TP
2007F ------ "2M('UL OP 'C'

01-(1 !?MrPUTF -PTATA T'AT A
0 9 q F - - - - - ? 'S T D UG

0Z 1AH F ~ !NITMCP) COPF rr
- NTTMOD') 6T

V'7 , ~ -?! G Tr)P ALTMO TU TF n' T) T

INPUT M rU L ES T11r LUrP:
:F o pT 7 1 , l T) .(Ll v TF)

:F1 :LFV FTL2 .O P'1 DU I, r
Fl1 S C HVD 0P J "Sf'H FT))

F1T \ I TK n PJ( TYTIT))
F l , FT- ~PAT 0DT



MXrC R XT A C V' X- 'R A CF : X T A AC /
DS. 1;rND Pr)S.VD TMT + 2;

,'*~~*:::~ PY ~~M~ A C r mYQA CF MY~ XT R. A~ C E

/* INITILLIZ7 THE VP MAD FOP~ IT)LF AND INIT PROC ~
1*AND MONTTOR P.OCWSS '

VPM, ?frS VP SAPT) VDSTT) 255;
U V( PT)S .7P, STAFT) STAbmF 1;
VPM(PRDS VDSTART) VP$PTrPTTY
11P!'P~R T)S VPSSTART) FVrTPPE~AD =255;

'I '?p(Pvr)S UP.S'!-A1TT1)*iTP)rD
V PlTPK'r S VltSTART+l ).sTATF 1;
vPm?M:tr S .v p S1T P + 1).VP PBI(IRTY = 255;

U P11 'D :.r.S 'I PT l w A-II V T)= 255;,
VPM, PR r)S VIDSSTART-1. FV C$ AW,*-V ALIE = V
V VPM ( -P7S.PST1.Pi = PH
VPMPRDS.VP ST5lT+1).sSSRFG = IDLP.$STACK$SFG;

SIF NOT MCenTFY

* MXT->ACF MYTPACP *xf*** MXTPACF Y "~ MXTRACT
/*~~~~~~~~'~~i XX A C? A: MX~ ?*~~MTC F ' ~ MX TAC cc~ /

V PM ( P lTS .STPT+2.IlPtID = VF
V~,4S V ''S' T2 .TT = 7;

VPV( P rD)3 .7P SmPT+2 ).P~rC TFHPT) = 255:
VPMPPT)S .11 ?$STAR+).ltF rP(S~SAT?.V$AWVAL~r

MX T C* * M Y T - A , r ': * *' ' M X H A FCx .

5. FND I F

'PFPS - ',! Rp~S + 1;

14,1 MCOQLT~y

/6**MCORTrX %Af'O~TTFX ** MCORTFX **-: rCCH1?X FY,
t MCOrTFX ~"COPTV'X **"x* N4CO'TFX "'* VCOPTFX **II

rAMCVTFX *'.* -CCPTry MCOFTFX TM(> TFX C~

SFLSE



,m4

V 1*STARTING PAINT OF TFW CPERATIiGk' S(ST'M U

/* ROUJTINF INTPI 7FES TE C' S P V, IS YOT QREP E A ED.

/* TO INITIAT.I7F THYF PRP)S TABLE FrR TM IS PU K
DFCL-ARE CPU$PT'R POITFR nIATP ((PRP3.CPU$NUMEJH,

ZZ RYTE;

DISP"4LE;

$IF NOT M-CORTFX F*'* x3A t~~:MT C ~~,:
M VPCF \ C F YmX RA C E.4 MA 7? AC

/* I NITI ALIZ P7 P I A N P I C *
OUTPUT' PCPtCF)' - QCor~/ PM - MICROPOLIS - MOOCRTEFX
OUTPUT (? OT tC?(7) 13'F; /'* T)I - ICW41 - EDGE TYIGGEPE !
OUTPIIT(PRTSC2) =14F: ; PIC0-ICWd2-VFCT OR T ABE ADD!ES S 4/
O'UTPJ r, T t 712) - 7 Dp/ PIC -TCrW4 -'ICSB6 v MOPE. A UTO FOP I
0QUTPUT(P071Tt C? 7 AFH:- /?P-rCrveSK IL(vN 'IT . 4 &64

I"' STABPLISIT IIVTICII SEQUE'NTIAL NUlMB??I rOD TtTIS CPU "
-- H SET GLOPPL LOCK ~
K DO 'xHILE LOFS" L?~Ln,1) EN D;

PRDS.CPUSNUMPFR =P NIT
CPU$INIT CPUJ$INIT + i;

'I LF. TF GLCA LOC = /

/4SET Up TNITTAT START AIfl 1ND Fc3l P!-OC ?-ABLF

4 70~TI 7Z7 1 TO PPDS.PSJ?;
PR) S.V retST A T Vv PI, tS.P$ST&'1,T + MAX$VPSSCPUl;

4 ~ MOOP)TrX *~4MCORTW~X MCORTEX MCO,,RfLEA 44
M:cX Y CO 0E P~ ~ MOR FY **4**OITF MCOPTEX ~*MCO<VX /

P3PS.VPSF'nP PPS.VP START + i;
PPT)3.VPSSPEl'iCPU = 2;
,/';*MCO!ET X Y'"' MCORTrY MCCORTEX M~oPTEX '/
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!4 /~SvIP TFIS ArTp AN' ,IT TrrO NpXT FC, SJ j -
C8ALL OUTVCR8F(r-);
rALT OHTSC4-AR(lF)
VPr D~CFPFT =APri .OFPSFT 1;

CAT, 1, OUTS DNIPA 'A 7DR.B PAST)
C'ALL OUTSCR<i');
('ALT OUT~nU''AD.FP~)
C, A TT OUTt r HAR(-
CA LL OUT NUM( CONTENTrS)

FNT-; /* IF SK(IP vOR KjVFYT SUB~~.
IF (INCvl = ' ') TR{FN DO;

CALL OUT$CT4.AR( ' ');
C-ATT TNtN[tT(CCONTFN'S);
rr WHILF (IC R >P A4(T Cq," I )

rALT, IN4,rHTF (eINC'FR)

IF ,INCRP =CR) THFN LOOP2 = FALSE;
IF (INJCH ~~

CALL OUT$C';AR(Vf
A D F, CFPSRT = APPR.OFFSFT +1;

'PTR = PTP3;
CALL OUTsCrIAp(cH):
C A TI OUT$'cHAR(LF);

4 (1, LL OUTt NUN( A!TR iLASE)
CALLT OUTSCHAR('!<);
CALL OUTtDNTUM(ADPR.OFFSFT);
r aLL OUT4CTJ.a .. )

CALL O!JT$NUm (CONTVNTS);
END; 1* IF GO TO N--XT ADDP *

F'ND)* /* 17 CFANGEv CONTENITS ~
INCWR = 'X '; /* PTINITIALIZF CMD ~

F N!); /* LO(OP, CONTINUOUS SUP CMD 4

FND; /9" 3rJSTITUTP COMMAND SECTIONJ

IF INH.')op (INrH1P=65H) THEN DO;
*/* 'PINT' OUT wgr 7PS IS RUNNING ' V

INDVX = E'TIVP;
/NOW PTOCK MYSELF 4

V'PklINn7Y).STATF =WAITING;
* CALL 'JPSC~lFDULw, /4- NO RTU-)N

END; 1' TE 4
7O TO LOOP;

FNE; /~M('NITOl Dp(,rESS 4

/ V* XT- ,.F P/~~' XTPACF ** MXTPACF %AXT10CF'~~*~
/*-* XT?ACF 4t mXTRACF MYTRACE 4*4MXTiACF

179
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C aLT I ePN1ITmV pAT)') nrvTsFT) ;
PTR? P-nz l
PT7, T

A 1,T, r~ HF r ( r~ r'CT; F

I F I NC P = l'- THEN Tno;
C ALL, OUT CFAR('-');
C klL OUT$ NUM (CON7,7NTS;
CALL OUT C FAP (C R) ;
C AL T OCUTtrMA F (LF);:

END; /'* IF NORMAL 1 PPDP DISPLAY /

I F INCFR = 2314 THEN PO;
COUNT = V
CA LL OUT$C A RV;
CALL IN WUm((9UANTITY);
DO WHILE QUANTITY > V;

CALL OUTSC'uAR ('CR) ;
CA LL CUT cHAP.(LF);
C ALL OUT DN TM ( A )P .P4S'F
rP LI, O)UT$CHAR(''",;
CALL 0UT.$DNUm(APDR.0vFS~r);

* LI \JCOMPLFTF = VALSF;
DO WHILE LINECOmPLVT7 = FkLSF;

CALL OUT$CFA?(' ''

CAI.L OUT$NUM(CON'ELNTS)
APrR.OFFSET = ADnR.OFrSFT i- 1;
PTP = PTRZI;
QUTANTITY =QUTANTITY - 1;
IF ( (APDDR.FFSET ANTI 0(,,FH)=0) 0H

(QUkNTITY = q) THEN LINFCOMPL!PTl:=,nuE;
7ND; /* DO WHILE LINEF NOT COMPLEiT: ,

FND; /* PO WHILE QUANTITY ~
F END;1 /* IF MULTI A)P DISPLPY *

END; /; DISPLAY COMMAND SrrTION *
IF INCP,= 'S) r,- ( INCW'=73P ) TFIN DO;

/* SUPSrlTTUTF COMMAND SECTION *
C AL. IN$rNUM((aADD)R .?ASF';
C ALTL 0UVTJ1AR(
C ALI, I 11 I V ( n A T) T F S FT)

* CALTL OUT$C6r, ' ;

PT Pr2
PTHIT

/* CllPT~rNT CONTFNTS SV TUD NOW BE AVA ILABI
CALL CUT NUM( CONTFNrS)

* LOOP2 = T7 F;
DO WHILF LOOP2 = TPRUE;

ro W'qILF ~~~>*)N~iE<

('ALL TNWHAP 'rINCH~);
END;

* IF (T ' CP) TMTF'J LOOP2 =FATS ';
IF T'.14 F j TE'EN DO;



nJrS COINT VP PRPS. COIJNTER a 1;
"TO Tr LOOP;

/*09

1MONITOF 'P;OCFSS B5

K H THr MONIj'OP PROCESS IS INITIALIZErD f THE PS LIKE 4
H INIT ANT) In L'. TT HAS THY PESEBUED ID OF Vpf -T AND A 4
/4PRIORITY O Pi. IT IS ALWAYS ?LOCKED Cq WAITING dNTfL' /
/~IT IS PFFFMTFD BRY THE UTS~r.

/4 CALLS MADE TO0: OUVTIF OUT CHAR 4/
/4OUT$DNUM I N$DNUM

$IF NOT M CORTEX

/4*MXT7ACW ** MXTRACE F 4 MXTRACF V-MXTRACS 4r-
/44* MXTL' ACE ***:' MXTP-AC-F t-O* XTIFACE MXTRACE *4

MONITORSH OC: PROCFDURE REENTRANT PUBLIC;

P T? POI 1NT VTF
?TR.2 DCTNTFR,
PTB3 BASE') PTP2 POINTF'Q
ADD? S PUCTURr (OFFSET WORD, BA-SE WORD),
CONTENrS BASED PTR BYTE;

DEpC13 A P V
('LINFCOMPLPTr. 1 0:~)D 2BYTE,
(QUANTITY. COUINT) RITE,
(IN~rtTR, INP)%X, VPLIP)SCMD) FYTV;

LOCP: VAIIW7CMP 0;

CPLL OUT$CRl~fT(CPOF
CALL OTT C4R(Lp);
C ALL OUTSCrAT 6D
DO WHTIL NOT VALID$CMT),;

CALL TNtCTA" aINCRif
IF (ICP=(0)0 INCER = S F(INCP- R ) £HFN

IF (iMCrRN=e-0l 03 (Iq=iF,5p) ORP 'INCHR-?Y{') THFJ
IA1LIDtCMD) =FF

IF VATTP)SCPAD) = 7F4 T"FNt CALL O1[TSCHPJ INCbW-)
ENr; 1 PU WHILE 4
IF (IN'CH ='r)') OP (TMCHF = 63411 TEEN DO;

/94 DIDDLPY COTMMPND SrCTTON 4
CALL IN$rflUM(9rADR.A%7);
CALLOTTClP ':-



1- -7 7- 7 - K

SYSF1 .0,C' 'SSFS

/ IDLE PpoCFSS BhEWBA. ;5-1 -34 /

THIS PROCESS IS SCPETULEP IF ALL 0THF?? PROCFSSES IxJ4
/~THE '1PMl APE BLOCKED. THE STAFITINSG PDDPESS IS PhUVIIDED 4 /
/* TO TT4v IDLESSTACK AND PLACUD IN PRDS.ILLE$DBR. 4
1*CALL .rc T v SCHFT'ULFfl IS MAP? ETVERftY 4 MS I\ THE '
/4 VENT T"P 'T AN ONBCARD) PFOCt'SS WAS FEADIED BY .8N
7*OFEBOAPT OPFPPTT0N (ATEIANCF) . EVERY 250 IT :*--APrI o%\S
7*THE COUNT IS IC? EMr*NTFD PY ONE. THUIS , THEF COUJNT' IS '6

7*INCEMFNT'T, ONCE PERP SCCONP. TPHE COU NT IS M? AI!JTIrA iNID 4

/4 IN THE PRPS TAtBLE AND) TS A qCUOH mEASUbE, F S f .6T
7*PF~'O; MPNCP BY GTVTN1 8N INDICATIO' OIF THE AM OU JT>
/4 TIME SPPN'T IN' THE ITD!? PE.OCESS .

/------------------------------------------------------------------------4

/4CALLS MADER TO? PLMB6 PROCED)UREr 'TIME' "/

OUT$LT"E 4

IDLF$PPOC: PBOCETWE) REENTRANT PUBLIC;

DFPCT.AP I FTE;

$IF NOT MCC0 TFX

/4444 MX .CE iMTRA CE *x*"x MXTIP CE MXVTIB CE 4:/

P-**'I XTR ACE MXT P'7CF 4*~4MYTRIACE '~~MYTH? C F 4/

CPTJL OTJT$LTNE(raMSqlmt;

LOOP : Tr, I = 1 TO 2501*
/* 4 v.S -IrTIY

CALLT TIM?-' 10
* ~~~Pr W!ITLE L.CV$SWT 'M;C;SL(T 19'

/y! ASSER;T LOCK -:/

CALL ?PYTPITSVP;
C ALL VPSCHFDTLEP;F

END; /91 DO i 4

STE NOT MCCRTVX

/y**XrMXTI- A~CE F c MXTRA~CE n**cMYT? )AE AT ACt
/44MXTP A C? F ~ MT MXT? P CF -IXTRAC F

CATT. OUTSLTNEHMWSZIT';

SEND IF
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0'T $03FNDIFR IN)X

E-ND; /~'IF ~
ELSE TIC;

C $ IF NOT ?'CO TEX

/ ~~MXTR.A'F *: MXTR5C'F *x"~ MXTRACE MXTRAGBC7 "

-~MXTT?ACF MXTRAk Fl *A MXT! RACE "1MXT RAG R
C LT OUTLINT'(d9524);.

$END IF

?rEPN MO0T VOUND;
END; /* CL.SP

wVJf; / LOCATPSSEC PDROCEPU E F

1CF



1* %7TRNl NO1T POT 'TN!h r' 4/

XT *'( YMXOQTZAF'X

X.: MT CF I MXPA T;; Aca4~ X C? 4c N 4 C

PW.TURN NOT$FOEJND;I
END; /* ELSE *

rND; /* LOCTP'SFVC PROCEDURP/

,'*~P LO0P$ E P CEFDUI RE BEEW FY - 1t-

'~FU N C T1IN r CALL TO PFTEJ?N; THE I NDEXF OF TITE SEQ UFXC7EP
1* SP'CTIEDT' IN r'P9P SF0-TAPBLE.

/* CALLS MADE TO: OUT$LTIF :

LOCPTESSEQ: PFLOCEDUR(SPO$NAMF) BYTE REENTRANT PUBLIC;I

DECLARE- SFE0%NAME BYTE;
DECL vV ( MATCPJ, SE.OTLSINDFX ) YTE;

STE NOT MCORTEX

/ ~MXTT ACE ** MXTRACE*44Z MXTVACE YRAC,4%s
/'~'MXTRACF MXTRACV MXTRACE ' 1VIRACE r-

CALL OuT LINE NMSQ22);

MAT CP VALSI,,;
SFQTRTJ$TNDEX
DO *VIL (MATru FALSE) ANT) tS~r'O'IL$INDPX KSQWY7

TV SEOSNAM',E =SCTBVS~R$NF)SQNtTF

MATCR = TRUE,;
ELSE

SE0QT'LSTINDFYX SEOTBLSI TPEX + 1;
END; /"- ILE 'L
IF WMATCH = TRUr) TTh1 DO;

$TE NOT MCOT7X

4,'4MXT? ACE Vt* XTPA(, CE MTEACE F~'' MXKT FE;4:/
/44;: XTL(4 CF M)(TRA C ' MXT ACE >1XT- AC F

CALL OUT$L.TMFr(cPS25);



FTEITkN. SFLECTF7tD)PP;

/"LOCPTFSEVC n'PCTDUE RPEEY923-4 i

/* FUNCTION CALL. RETURNS THE INDEX IN EV7.JTCOUI'T LAPLE 4

/* OF THE EVENTI NINE PASSED TO IT.

/* CALLS MADE TO: OUT$ CHft': OUTSLINF

LOCATFSE7VC: PROCEPrUTE7,EVENfl1NANE) BY-TE EENTRA&P PBLIC

F'DECLAPE FVvENT$SNAME BYTVP
DECLAPV (MATCHEVCTBLISINDEX) B-YTE;

$IF NOT MCODTWX

/444 XTRAC' X-* MXRr *'* MXTRACE ' N' , MXTRCF 4/
/ M4 MXT-R A CE M XTRP ACF *44 XT RACE M K TR AC 5Z)l3;F

CALL, OUTSLINF(@MSC2?);

tEND IF

MATCH =VLSE;

EVCTBLSINPrEx =0;
/SEARCHT DOWN THE EVENTCOUNT TAPLE TO LOCkTE THE '
HDESIRED) EVENTCOUTNT PY MPT4C'qINI(' THE NAMES -/

DO WHILE (MATCH = FALSE) AN P (WVC-1TB L$ I NLrFX / 5771'>);i
P& D0 W H I LE H8VF N!O0T FOU N D T HF F VENTPCO0U NT P Nf)T H-' Vf Ni

* /4 REACHED END OF THE T.APLP '
IF EVENTS-NAME = EVCS'T%4(FVCTP LMNPIEX).F'VCNAMFl 'Ili>

M0ATCH =TRUE;
ELSE

FVCT'0L$TN'DFY ErTLIPX1
END; H HIE '

P" IF HiAV'v FOUND THE 'VFNTCOIINT 4
IF sArCE = TRUE) THEN,: t)o;

H* PETUN ITS INDEX( TN TITE FCTL

$IF NOT NCORTFX
/44MXTPACW 'A~ XTRACE F * MXTRACE F~ MXI'!ACH :4::c

/**MXT' ACE -F~~MT~? '" MXTPACE '""' PXTAC

0CALL CUTSLTN(0M5Th2,;

RFTU?1Nl FVCTPLSINflEXT:
END;



L-

"0LL? IF~ I K T)) S~ 9 P D r (yFS'

S TP A S Lr' 'TT ~LI " N MFLAS

0 0110- ( o11 3 00I 0 1 p ?ASOL1JTF)

CAC0 "AH ?4C5- ( I r.H V) VOrDJTF CODF CO0 )OnB4('FH 'ACr4o ~DFF il L2MOPULVFlF CD
C2 C6 1 PC 21,6iP W GLOPALrVODULEc C lD

C2C 0!! v V37~' CI 3 L1"OPdLF r'ATP I AT
(C~v'", (7C4Dvv 0 F!; T W V T MD U T F DT
C . ' / M t Y-IM O ' D T Z

'Ci4'F 'C4fV I. p TT ? s .3'FDJ
IT*~<~ 0 7) F~!M W STACK S T A K

0C f-30 C&A 9H 00~7 A R PT SOLUT-P)
C B "C72C ?t;4? AH A' B BSOL Ul F

C ?3COTT ~C 7 t )4 q~?9 A !PFSOLUTV)
14T (A07 7 ?~ P7QTT A 'ASOLEJTE)

F 3P F - r H P7 8? TT 10 GLOBALV-OnULE D D JITA

A

WSA I ' Fl A ?F snP- F-r-
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S CT FY-I'"LwR P, 'INTJPT HIANDLFR S\CUPCF COD--

Tbe PSIM-EP rode in ftle SCHF.. SV is vart of tnep LEVEFL

I nr-d-le. retails oertaininp to assembler invocation may tbe

foiind. in tIPef. 201 ani [F~ef. 211. This module is linkel into

file VK'I-.LNK and its memcory maD is include d in th,- malp f rI



SCHEDULE" -SM FlILv ~E~~1i6

"1 THF FCL L C, I NG Ai, T F X T FR N A P L rl2 P.X'C F D U. FS C A L L F
VBY THfIS MO' ULF.

FEYT RN SAV7CONTFXT :FAR
E XT R 1 1- T S?: FA R
EXTPN1 GETWO K :FAR
EXTRN DYTFISVP:FAR
EqX TR N P1RDS -"YTF
F XT PN F DWI NTFLAG,:PY TE
FXTRN CLOBALLOCK:BYTF

SChEDULEP SFGMFNT
PUBLIC '?SCHEFT)ULFE
PUPLIC INTVV'C

ITPSCHEDULER PROC FAR

* ASSUME CS:SCHEDUILEP
ASSUME DS:NOTH-ING
ASSUmE SS!NOTHING
ASSUME ES:NOTIIING

*ENTIRY POINT FOR A CALL TO SCHEDULER

a CLI
PUSH DS

MOV CX,O1T

;SWAP VIRTUAL PROCESSORS. THIS IS DONE PY SAVI PC TH F
* ;STPCK BASE POINTPER AND TFE RETURN TYPE FLAG ON THE

;STACK, AN) PY S.AlING T9E STACY SEGMELNT AND STACK
;POIMITFR IN T E VIRTUAL PRO2FSSOR MAP.

I NTJ 01N :PUJSH F P ;S A "' CUTJTFNT STACK BASE
PUISH Cy ;SAv. 'CURRENT i RET IND FLAGl

* MOV AX,SP
PUSH PX ;SFT UP 3PVF$CONTFXT PA4 AMFTE~aS
PUS!T SS ;SET UP SAVF$CONTEXT PARPMFTERS
CALL SAV~oN"FXT
CtLL GyFTWOF'K ;qFT NEW STACK SEGMENT
PUSH AX ;TEMPORY SAVE OF STACK SEGMENT

*CALL GFPTSP ;GFT NEW STACK PoiNTrER
POP ss ;INSTPLL NF'N STACK SEGMENT
k1OV SP,AT ;INSTPLL NF4 STACK DOINTER

;SAPp 'rlI"TUA, tl'CCSSOR CONTEXT COMPLETE AT THIS POINT
N (11 OP F A TITM( I~ NEWL FTY SELFCT ED PR OC FSS ST AC K

EiS?



POP CX ;GFT' IRFT INJD FLAG
POP pp ;I ISTA;,L NEW STACK, BASE

(;CHECK O9"'ETURN TYPW, NOrRMAL CR INTERR,.UPT

CIP CX,77F
JE IAT,?ET

NW B ET: POP !IS
.UNLOCK GLOPAL$LOCK

NO V AX,SE(' GLCBPLLOCK

NOV ES, G"X' , O

STI
PEFT

VPSC!IEDUTSP.? VNDP

I NTERRUPT_ 'ANDLER PROC NEAR

ASSUME CS:SCHEDULER
ASSUME DS:NOTHING
ASSUME SS:NOTHING
ASSUME ES:NOTHTNG

ITNT V EC: CLI
*PUSH ES ;SAVE NFEPE P REGs TO TEST INTERRUPT FLAG

PUSH EX
PUSH! A*X
PUSH CX
CALT HFDW tFTT FA

0 OV Al,?o
* XCHGj AL,FS:HDWTNJTFLAG[3X]

CMP AL , 77F ; IS TNT WL~tG ON ?1
31 PSHRS _r~ VYP'S' SAVE REST RE'--s

POP C X ; I F LNWRSMEPEIU
POP AX :EXFCUtm ION POINT
POP BX

S TI
I RET

PUSH RiEST _ HESS: PUSH DX ; FLAG WAS ON SC NEED
PUSH DS), ; RF-SFCHFDT.iLF

* PUSV SI
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PUSHI Di)
MC'V AX,SFG COALLOCK

rCK: MOV AT, 119 ;LOCK GLOBAL LOCK
LOCK XCHG ES :G'LO7ALLO7K ,AL
TEST AL,AL
JNZ CK
CALL qiDYTHISVP
MOV CX,77H ,JUMP TO SCHEDULER
JMP INTJOIN

INTRET: POP DI
POP SI ; RETURN EC:
POP DS ; PROCESS WHICH
POP DX ; FAD) PREVIOUSLY
pop cy ; PEEN INTEPPUPTED

;UNIOCK GrLOBAL$LOCK
MCV AX,SEG GLOPALLOCK
fM 0v ES , 'Ax
MCIV ES:GLOUALLOCK,0
POP AX
POPB3X

*POPEFS
STI
I REFT

INTERRUPT !ITPNDLFR END?

HAhrWA9E INTERRUPT FLAG*

HARDWARE _INT _FLAG PROC NEAR

ASSUME CS:SCHEDULER
ASSUME D';:NO THING
ASSUME SS:NOTFTING
ASSUME BS:NOTHING

UlDWFLAG: MOV PY,SEG' PRi')S
MOtV ES', AX
MCIV BX,0H
MCIV CLE S :PPrS[fBX] ;;E"m C~iDn
MCIV C"10 RETURN IN 'EX
MCIV BX, CX
1M'IV AX,SEG PIVIMTFLPG ;SFT UP HDW$INT$FLAG
mo. MCV E, PAx SEGMENT
REFT ; ETUE-N IN ES \EG

HP0 DWAPE_ INT-FELAG END?
SCHEDULER ENDS
E N D1 
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q~LORAL D~ATA BASF AIJP INITIAL ??-OC SS CC(I

Two files are contained in this a ppenriix: GLOPAL.S"C A 'E,

INITY.ShC. They are senarately comDiled with the LP1-G}.

attribute. They are liniked intc the file: KO'tE.LK. They are

represented i" t ,e memory nap for KOiE resented at the e r;

of lpuendix F. INITT will1 be overwr-itten by 13n

initialization module on each real or'ncessor .

lP.



* PROC EDUiPE S
DFFIN,,D: NONF

REMA-iKS:THIS "ODULE CONTAINS rFCLATiAl'IO'NS FOR ALL THE
GLOtL DAT4 THAT RFSIDFS IN SHA'iED COMIMON
MFMORY. IT'S LOCATFID THERE BY THE LOCATE COM-
MAIL AND BY SPECIFY PIG, THAT THE
GLOBA.L$IODULF DA.T' SEGMENIT PE LOCATED AT SOME
ABSOLUTE ~DDRI'SS .

G'LOBAL$MODULF DO;

1*THF FOLuLOWING TI"PP'E LIT7,RAT DECLARATIONS ARE PLSO
* /~ GIVEN IN THE LFVELl & LEVFL2 MODULES OF THE OPERATING '

/~SYSTEM. 4CIT,'NG HE'PF WOULD HAVE TO BE REFLECTED IN ~
K /~ THOSE MODULES ALSO.

rECLA jjTI
MAX$CPU LITERALLY '1'
MAX$VPS$CPU LITERALLY 'is',
MAX$CPU$$S MAX$VPS CPU LITERALLY '100';

DFCLAEF
GLOEAL$LO)CK 'PYTF PUBLIC INITI AT(o);

Tm'ris SHOULT,' '?FLECT TFE MAX$CPJ AOVE '
D F CT, A 7i F

NR$RPS BPYTF PUPLIC INITIAL(P).
NP$VPS(f',IY$CPU) PYT E D TTP L IC

DFCT.P.F' HlPWtII AG(MAYtCPU) BYtmF PUBLIC;

DECLARE FVFNTS PYT7T PUBLIC INI'"IAL(l);

DFCLAr,. LOC.AL$C'hUSTER$0DTVR WOk'S PUBLIC;

DFCIA F EVC$TP21X3 STR UCTUR F
(EVC 4N AFF BYTE,

V A. VLITE It!OFD,
REMOTEFADDR WOD
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T~h IAl)7Y T?'F PUBLIC
I 'ITTI AL( V'FFM ?,FF??.5

/ Vr "F" I S RT 'SPRVF0 FOR TM',* OP SyS ~

DFCLAFFE CPUSI2,IT BYTE PUBLIC INTTIAL(?);

DEC'AHF SFOUF'JCERS FBvT" PUB L IC I N ITI AL(0)

DFCLAPE SFQ Tl LF(10q) STPUCTU E

(SEo$NAmv FF
S FQ$ VA LTJ F WOMD) PUBLIC;

T)3,CLAIF V?!-" M,~P'$$MXXPSpU STUCTU'll
PYTF,

VP$STATF BYTE,
V'DPPIO'MITY BYTE,
FVC TRFAD BYTE,
FVC$AlWrVPTUF WORD,
SPt:EFG WORiD,
SStpEG WOPD) PUBLIC;

END; /M ODULE F

/is: ~**~~**

UR



-------C - - - ------ ------ ------- - ------------ -- - -- -

A 4BY Tfl{' CS CTHE USE; INI T I AL PCCE-'S S PTHIb IS
/4EXEC U'BLP F Ii NI'S OWN1, FIOGAT. THUS IF THE USER DOES /
/4NCT PiiOV IrF AN INITIAL PPCWSS THIS CU.E 'AILL E-XECUTF, '

Pi BLOCK ITSELF, ANT) IDLY THE CPU. THE ADDRESS OF TEE
HINITIAL 'COrF SEGMEIT IS PROVIrED.' TO LEVELt AND IT IS
HREFLECTED IN! THE 'PLM LOCATE COMMAND. THE PDDhESJF'S

/* PROVIDED MUST AGIREE. THIS PROCESS HAS THE HIGHEST 4

HPjIOHITY vaI WILL ALW AYS BE SCHEDULED FIRST BY. THE 4
SCHEDULE-

/* CALLS MADE TO: AWATT4

M/Y'1' MXTCiPE MXTRACE V XTP ACE MXTh 4 CE ~~
/*'MXTRPC? '' MXTRAC-P *4 MXTRACE '~MXTRACE 44

/4 DECLA iE
p /4 MSG13 *) BYTE INITIAL(10, 'ENTERING INITIAL PROCESS '

/4 OUT$LiIN!F: PPOCEDUPT7 PTP ) EXTERNAL;
H DECLAVT PT14 POINTER;

/v END;
/~14MXTRACF '*'*"l' M)TRACE MXTPACE 4**** M.XTACE 44
/4-MXTRA CE MXTYACEp4?4 MXTRACE '-" MXTRAC F ''UAWAT W 11 P?OCE' T) UFE.T( NAME, VALUEI ) EXTERNAL;

DEC7 ARP NAME BYTE, VALUE WORD;
END;

IN ITIALSPPOC: P"OCEDUPE PUJBLIC;

rFCL-AHE I BYTE;
P! PFTEP, INITIALIZATION THIS PROCESS BLOCKS 4

/4 ISFLF TO ALLOW THE NEWLY ('.pF'TFD PROCESSES 4

/4 TO PP SC-'EDUI}Th.',
/4 *£f11I5 AaiE A SHOULD BE W9RITTEN OVER BY USEH INI-1 "'t
/* PEO(CED)UR'E MODULE. /?,

/44MXT?.AC? F 4 MXTRACF *4** MXTRACE mXTI" CF 4z

/44MXTRACF MYTRA CE ''' MXTRACE-------Xl'iACE /

/4 CALL OU 4'LINE(OMSG1-3';
/*:i" MXTRPC? 4*44 RA *44 MXTPACE -XTRACF 44

/4MX TRACE kcIc XTHA C F 4' MXTRACE M MX T HA CE

C A LL ! W aIT( 'F FH, 1)
ENE; /:" INITIAL ?ROC 4

N D; xc INIT$MOD 4
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APPF' I X K

NIIC' DFOICE .AFI','FP Nn PPC'Fw PPOCF3SOC,.0 SOUC CODE

This code corsists c' PL/I-S6 modules and 87P6 asse-iy j
laneuape modules. PL/I-PF is primarily an aoplications

programmi-, larruape, rather than a systems development

ian.uape. Ps su h, it Ines rol have the lang'qar features

to ,ain access to the POA% Processor or MUL'IPUS nardware.

In situations where it is reressary tc access hP 'ware-

dependent compnnents, RASMP6 [ref. 18] modules are callel.

These assembly languave routines are located in file

ASMROUT.A96 (assembly language routines), and are linKed

with the PL/I-86 modules.

Ps described in detail in Chapter IV, the Dri.er is a

MCORTEX _ystom process with a dedicated real processor. Its

linking corventlons and use of MCOATEX primitives are A

identical to any user rr.ress. The notable exception is the

use of its lnitiallzatinn module to define the clustpr

address, rroa, secuprrers, c-eate eventcounts, al l

distribute the '-vpntrounts.

Te Driver also reads a fle calleQ aDDRESS.DAT to

determine its own ohysical Ethernet address anu addresses to

load into its multicast !or crout) address table. Note the I

type of data In. APPSS.1AT Tust be bit string for

addresses, and filxe binary for the ron ber o" ProuL

addressos.



The SYSIVIT1.PLT filn is the initialization molule fOr

",ster 1 ard RYSINIT2.LIT is tie initialization -od:le for

Cluster 2. These files and ADTI'FSS.rAT are tne onlj system

files that must be chared wien new MCORTFX Drocesses are

added, causing a change ir eventcount distributivity.

ACORTEY vrocesses may be readily ported in executaLle ima.e

form from one cluster to another. The eventcoint

distribution rhannes only reaoire a chane in t ne rri ver

initialization Todules and the rlrster ADDiiSS.D!T files.

The aoniot f recompilation and linKing, is kept to the

absolute Rinimum with this schema.

The contents of SYM.PLI ,Apuendix E), ADDAFSS.DAT, and

the Driver initialization modules reflect tne current syste-

configuration. This is the demonctration process descritel

in Appendix r.

Due to thesis format reouirements, the structure of the

source colp is slightly altered, i.e., PL/I statements are

not necessarily comDilable as illustrated.

ipo



Csr 1 PDP.TA file

40iZnA3 , 'ysw -f .l

-J-, * main. .. LL

sysiniti:rio prr cotons(-onp)

Zincluinev 'ss~fpi

repla1ceaePcT' IN

call d-eine cuse (v ~ 'b) c mus beA called

call create evc ("IACKL IN); I-N

cell c.reate evc- (MTSSILF _ RPFr OUT);

/Y0. SYSFTvm x,*4/

c all c rrat- Pve 7D13B PI~P);
c al 1CreateP ev o (ppp-, WI TF;
Call reate sea 'F P- WPIT? _RVTPFST);

/* dlstrib,. map called after eventcounts have
been created */

call listribution map (EVC _ Y F 0 , TiACK -I N,'2 Mb)
/P local and remote cony of TRACK IN needed!

call distribution map AWC TYPE, MISSILK F-tqDK:-' OUT,

call creat- _ nr ('fc-'h4, 'oCm'b4,



"?439 '4, "'VSCC'b4, "°HQP'r4U;

call await ('fe'b4, "l t4);

erd sysinitl;

Clister 2 A ')DFSS.DT file A q' 1.

1,

OC0'b 0 b P00(V,1, b

SYSINIT2.PLI file

sysirit2: proc ontions (main);

'inrclude 'sysdef.pli'

treplace

EVC TYPF by "'b4;

/ main */

call define cluster ('z02"b4); /: must be calle
prior to creatinr
eve ' s /

/ :,: s FS.rU : : : /

call creat- eve 1T0 ACK I);
call rreate Pvc (TACV OUT);
call create-evo (MISSILVE CRP?' IN);
call c-roatP evc (MISSILE CFIL , R 1T);

/t'-'; SYSTEM t:-**/

call -:r-atp eve WR uAP);
call create ev cF% WPITFf;
call create sea RF _RITF REQUEST);

l9Q'



A* dis~rib. map called afe Pv'tcounts fl3v'

call distritution 'nau -PV7 r'PF,FWACK C:IT, 'ZP34;

/V local ard rel"ote c'opy ," of CK It ree'el 5/

call Ai~tribution mao 7'VC TyPE, '1[SILECOADFh in,

/~local an~d remote copy of MISSILE OFDF 1% reeded !
call create-_pric (f'A4, VVA4,

'V95V'14, '?PP$Y'4, 'Utf'b,

ro~ll await ( 'fe%4, ?'9001bAV;

f rep lace

1/0 Dort addresses

These values are soprific to the use of the INTP.LA
11311C Y4TTIUS to FTHEPNF irterface boarl. 07ycrn{
to the 1/0 part ddress of 'P7bO' hex done so witn a DIP
switch) will r-nuire a rhan~e to these adiresspn t)
reflect tk'at rtarpp.

cnrandrngistor by 'hC'b,
cnmmanl statisr%p1stpr by 'b4W,
trans'-it Iota repister by 'b?'4,
i nteriit _statusc re-- by 'bh%4,
irt-rrupt P-a!2p rpaist-r Yy 'WK,

hish _byte ron, rp by nrcb4*,
low byte Xon-t W- by 'Wn4,

z' ~nl of T!O part addresses /

V~ Interrant P'nable statu, rp~ister Maue, 0/
d is abl I - 4701? interrupts by 'OV'b4,
ni30lP lprtgtsisabflor by W'U,
reneivs rlock available by ';YtV4,
transmit UP~ P're by '06' h4 ,
rer-~ i jE- d-ra d ore by '0? 'b I±
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/* end repister values */

ComrnanA Funntion Codes '/

module interfaceloopbark by '01'b4,
internal _loopback by 02"b4,
clear loooback by '03'b4,
go offline by "8"b4,
eo online by '09'b4,
onboard _diagnostic by Oa'b4,
cdr insert _ source by "e 'b4,
load transmit data by '28'b4,
loai_andserd by '29"b4,
load _proup _addresses by "2a'b4,
reset by '3f'b4;

/'.- end Command Function Codes */

~ ...... . .'..........................................., X .o,.,.".. ... " " "..................... .............

SYSDEV.PLI file

sysdev: procedure;

1* Date: 1 SEPTFMBE'v 1984

Programmer: David J. BREWER

Module Function: To serve as the Ethernet Communication
Controller Board (NI3010) device
handler. This process is scheduled
under MCORTrEX and consumes Etherret
Peauests Packets (EPP) generated by
the SYSTEMSTO routine in LEVEL2.SRC.
It also processes any inbound packets
by analyzing, the Dacket contents and
making the aporopriate MCORTEX calls.

treplace

* evc type by 'O'b4,
erb block len by 20,
erb block len ml by 19,
infinity by 32767;

%irclude 'syscef.Dli':
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PFCLAKE

erb(O:erb block ler ml) based (block ptr).
2 command bit ),
2 typename bit (8),
2 name value bit (16),
2 remote addr bit (16);

DECLARE

1 transmitdata block based (xmitptr),

2 destination _address a
bit (P)

2 destinatior address _b
bit (8),

2 destination address c
bit (8).

2 destinatior address d
bit (8),

2 destinatior address d
bit (8)

2 destination address _ f
bit (8)

2 source address a
bit (P)

2 source address b
bit (8),

2 source address _c
bit (S),

2 source address d

bit (8),
2 source address _e

bit (8)
2 source address f

bit (8)
2 type fiell a

bit (P)
2 type field b

bit (P) ,
2 data (46) bit (8),

1 receive data block based (rcv-ptr),

2 frarnp status bit (B),
2 mull byte bit (8)
2 fram'e leneth lsb bit (B)
2 fram_.lengthmsb bit (8)

193
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2 destration _address a bit (8)
2 destination address b bit (3)
2 destination address c bit (8)
2 destination address d bit (8)
2 destination address e bit (B)
2 destination adlress-f bit (8)
2 source address a bit (8)
2 source address b bit (8)
2 source address c bit (8)
2 source address d bit (8)
2 sou-ce-address-e bit (8)
2 source address f bit (8)
2 type field a bit (8)
2 type field b bit (8)
2 data(46) bit (8)
2 rrc msb bit (8)
2 crc_-ipermid dle byte bit (8)
2 crc _lower_ _Tiddle byte bit (8)
2 crc-lsb bit (8)

(xmit _pt', rcvDtr,blockDtr) pointer,
index fixed bin (15),
(addr e, addr f) bit (8),

address file,
copy.e _ register bit (8),
(cluster addr,erb write value,i) bit (16).
(.,k) fixed bin (15),
regvalue bit (8)
write _io. port entry (bit (8), bit (8)),
read ioport entry (bit (8), bit (8)),
initialize cpu_interrupts entry,
enable_cpu_i.terrupts entry,
disable_ pu_interruDts entry.
write bar entry (bit(16));

/* end module listing */

%replace

/4 codes specific to the Irtel 8259a Programmable
Interrupt Controller (PIC) */

icwi Dort _address by "c0"b4,
/* note that / icw2 Dort _address by "c2"b4,
/* icw2,icw4.*/ iow _port address by 'c2'b4,
/4 and ocw / ocw-port address by c2'b4,
/* use same /
/* port aldr */

/* note: icw==) initialization
control
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word

ocw =>ouerational

word *1

icwl by '13"b4,

/* single PIC configuration, edge
triRered input

icw2 by '40'b4,

/* most sienificant bits of vectorinp
byte: for an interrupt 5,
the effective address will be
(icw2 + interrupt #) * 4 which
will be (49 hex + 5) , 4
114 hex /,

icw4 by "0f b4,

* automatic end of interrupt
and buffered mode/master :/
OCWl by 8f'b4;

/* unmask interrupt 4 (tit 4), :/
/* interrupt 5 (bit 5). and
/* interrupt F (bit 6),nask all others */

/N end 8259a codes :'/

/* incluide constants sDecific to the NI301
board /

Zinclude "ri3(AlM.dcl';
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/~Main ?ody *

ralwrte io.vort(interruint enable register,
call disable n13010 _interrupts);

call initialize _pic;
call initializecpu-interrutts;
call read i_ port (command _status register,reg value);
call perform command (reset);

call propram_grouD addresses;
/* assignments to the snurce ard destination address

fields that will not char.ee*

call perform _ command (clr -insert source);
/* NI3?1V' performance is enbarcel in this mode ~

unspec'blockptr) = Mock_ ptr_value;
unsppc(rcvptr) =rnv__ptr _ value;
unspec(xrnit.Dtr) = rit _ptr value;

/* -make one time assignments to transmit data block *

transmit _data block.destinatini _address _a ='0b4
transmit data block.lestination _address b = O'4
transmit data _ tlock.destination _address c = 0'l
transmit dIata block.dpstinatio-iadress It = ,0'4
transmit data block.source address a = '3'b4;
transmit data _blick.source _address _b = '00'b4;
transmit data-bloeck.source _address _c = 0 0'b4;
transmit _data -block.source address d ='0b4

1* &Pet the local cluster address - file was
opened ir proc program_group addresses /

Pet file (address) list (addr-P, addr f);
transmit data block.source _address P addr e;
transmit data _block.souirce _address f =adar-f;

cluster addr =addr e 1'addr f;
*-put skip (2) edit r7*** CLUSTER ',cluster _addr,

JInitialization Complete ')

0 1 = '0001'b4; (col(15) ,a,b4(4) ,a )
call perform-commarnd (Ro online):

1* at this point copy_ le reg = EBA , but
ie_ rep on N13010 is actually disabled *

call disalleepuirterrupts;
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do k = 1 to infinity;
/* rote: interrupt not allowed during a

call to MC0,TEX primitive

erb write valve = read(FIRP WRITE);
/:: In-the MXTRACF version of the RTOS

all primitive calls clear and
set interrunts (diapnostic message
routines), so the 4I3010 interrupts
must be disable4 on entry to MXTRACE /

do while (erb write value < I);
/ busy waiting */

erb write value = read(EPlR WRITE);
copy ie _re-P.ister=rereive blockavailable;
call write io-port(interrupt enable re~ister,

receive block available);
call enable cpu_interrupts;
/* if a packet has been received,this

is when an interrupt may occur - can
see that oultbound packets are always
favored. */

do j = 1 to 100 ;
/* interrupt window for packets received '/

end; /* do .J */
call disablecpu interrupts;
if (copY-te_reeister = receivedma done) then
Jo;
/1 receive DMA nporation started, so let

finish. */
call enable cpu _interrupts;
do while (copy_ieregister-receive dma donp);
end;
call disable_cvu interrupts;

end; /, ift /
copy e _register = dtsahle _ni301'interrupts;
call -write_oport(interrupt_ nable_register,

disablpniS10__interrupts);
end; P" busy */

/* rhB has an EPP in it, so process it */
/* no external interrupts tRBA) until

the ERD is consumed ard the packet
mets sent

index = moli(fixed(i) - 1), erb block len);
/9' 32k limit on parameter to fixed fcn. x/

transmit data block.data(l) = erb(index).command;
transmit__data_block.data(2) = erb(index).typename;
transmit _aata block.data(3) =

substr(erb(index).name value,

97P);
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transmit lata block .data(4)
suhstr~erh(index).name _valuje,

transmnit data -block.destination _address e
sabstr~erb(inid-x ).remote _addr, 1,2);

transmit data Mbork.destination -address _ f =
substrkerb. index ).remote addr, 9,8);

call advance (FFB _RFAD); /* caution here !1!!
ani ADVACE will result in a
call to VPSCT{EDULEi. which
will set CPU interrupts on exit.
It's the reason N13010 interrudts
are disabled first in thF,

Do While loop above. ~

/* paciret ready to go , so Send. it /

call trarsmtt _vacket;
/* cony-_ie-_register = RPA , but not actual register *
call disable c-pu_int'errupts;

/* setting up for next T'RP consumption *
i =add2biti6i, '0001'b4);

end; /* cio forever *

/* end main body *

initialize _ ic: proceiiirsm

DECLARE

write lo port entry (bit (3), bit(8));

call write _ o _port (icwl _pcrt _ a11ress,iCWl);
call write 10 port (icw2 _port _add1ress,icw2);
call write _ 1._port (lcw'i_port _ address,icw4l);
call write _lo _port (ocw-Port address,ocw1);

end initialize _lc;

/ ~ ~ ~:c:~* ~ e* * ~ ~ 3?.- -c*c :f ,,l e ,. ~ .. . .
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p-rform coriarid: procedure (comnarid);

DECL 1R
com-rvani bit (P)
reg-valup bit (:)
srf bit (9)
write io_port entry (bit (8), bit (P) ),
rna , -o _o port entry (bit (8). bit (8) )

/*' end declarations */

srf = "'b4;
call write io port (command_ ropister,qommardr;
do while t srf & "'b4) = ''b4);

call read _ io _oort (interrunt status rep, srf);
eud; ./* do whilp */
call read _ io -ort (command _ stat us repister, reR v i le);
if 'rep _value '> "1'b4) tbn
do;

/* not (SUCCFSS or SUCrFSS with Retries) /

put skip edit ( rTPNFT qoard Failure ' '(col (2M) •a) :

P* when this occurs, run the diagrnostic
routire T301P,/Cx, where 7 is the
current rlimter number */

stop;
end; / ltd *1

end perform commad;

transmit p nacket: Drocelure external;

D F CLA. F

srf bit (8)
re valup bit (S)
write io port entry 'bit (A) , bit (8) ),
r"al ioport entry (bit (P) . bit (8) ),
enable c pi.irterruDts ertry.
disable cou interruots entry,
write bar entry (blt(16)):
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/* beetn *

sri' =
call writs- _ ar (yrmit _ tr_ value);
Pall write in oort (htih byte rovr t _reg ,Wb)

call wiei ~tlwbt otrd cI
copyiePrPister = tr;.rsnit _ dmaJ _one;
Pall write i opiort(interrupt _e,,aWe _res-ister,

transmit _dma _done);
call enable cpi_ interrupts;
l0 while (cony_ ie _rp!ister =transmit _dna _ io re)
end; /* loop until the interrupt handler

takes Par'e of' the T')fl interrult-
it Sets CODY_ e_ rpgister = :iBA '

call Derform _comnmand (load _ and _ end);

end traisilit parket;

uL _interrupt handler: procelnrp external;

/* This routiv'e is called fromr the low level

9086 assembly laneuao,e interriunt routine X/

DUCLARF

write _ o _port entry (bit (A) ,bit IF:)
read lo0 port entry (bit fP) ,bit !8 ) )
enable- cu- interrUntS e nt r y.
d sable 'cpu _interr1unts entry ,
wri te- bar entry ( bi t(16))

1* eeir ~

call write io _ ort(interrlunt e,,ahlp regiister.
di sahl= _ni'1P inte rrupts 1

if' (copy ip- register = receiva _blocrk available)
then do;

call write --bar (rcr ptr valuie);
call write io rort(hi~h _ byte _count _reRV05'b4);

call write _in _ port (liw byte Foiint _e re,9'W;b4

/* initiate rpetve 7)MA ~

cop! _ te _ reeister = receive '-dma done;
call wrt~npr~nerip-nb~~eitr



rot'eive _dma _done);

e nd * P, 'in
P I sce

if (cODy ie reRistpr =receivdma. dcne) their

call prncess _packet;
copy_ le reigister = rerpive block _available;
call write _ o _~ort(interru-Dt _eoahble _register,

rr-evp bloc'K availablP);
end; P" if then do *
else

if' (co~y_ ie _reeister transmit dma _do~ie)
then do;

copy le register =receive block Available;
/* M13010 irterruDts disabled on entry

end; /* if then do ~

en1 HL _ir tprrupt _hand ler;

prnress_ packet Droceriure;

D FCL AR r

local evo value bit (161.
data _ptr pointer,
remote evc _value bit (16) tased (data _ ptr);

If (receivedata.blork.data,'1) evrc type) then
do;

d a ta p tr =a d dr (rerf-i v e _-1 ata _b Ir)cT .aaJ3

/* remote _ errc value- -ow has a val~ue *./

1ocil _evc -value = r~ad ',receive _data _bloc,,dati 3))

do whilp (local eFvc _value < re-'otp- ,vc _value);

call advance (receive data block.lata,2));
local eve _valup = ad.d~bitl6 lccal _evc-value,

call disable cpu _interrupts;
1* this rriSt lie done due to settirR, of

onli irterrupts by calls to MCORTFX - 5
VP -SCFFDUL--R vid ADVAN>C *
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P-1 only ty'Pe Darket in this limited i-iplen. ~

,:rd proeps s. piclept;

prreram g.,rroup_ add rpsses : procr'durpl,

D r'CL AT, F

1 proiipa'ilr40) based 'rrup,_ ptr),

2 ~'-~WfipId _i

bit (P),
2 mc PrOUp fiell _

bit ()
2 mcrorU_ fieldI

bit ( ) ,
2 mc _tinoup field _e

b it (ib) .
2 mc _Proup_field _e

bit (9);

D'FCL.ARE

(Rmroun) Dtr.p) Pointer,
I(field _P. field _f) bit (9),
bi t - B groups bit (9) baspd (p),
(i~num .Prounsp-roupstimes-E) fixed bin (?);

unspecgrouP._tr) = -rmitptr vaie;
open fil" (Addrpss) str-am inp-it;
Pet file (address) list (n,"T,.Pmro'Ps)
d o i = 1 to nTim _grouDS;

group adrir(i).rnc _group_ field _a ='? 4
grouip addr(i).c-rolD-fiel-lb ='0'4
groupadd r (i.) .mc _eioup_ field -c 0 t'
eroup addrt).mc -roiupf Ield d='7(b;
get file (Address) list (fiali _e,field _f);
group. adlr ( i) .mc _group _field P field _e;
eroP aidr(i).mc _-rou:p _field _f =field f;

e nd; / do i *

call disablP cpii irterrupts;
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rall write tar (xmit, T_ nt rvalue)
call write _In nort~hitntt nyt _cont rep, ' l);
e'roups tirs F) Ps; ~i

r= adrir t.'mn ti me eY
callI wri te _ n o t potlow bN te _count _rpe . bit 8 -rouns

r 0py _ if-_ r' eito'r =transmi t d ma _ do n
call Write In _ uort(irtprrunt _ enabl0 _reg-ister,

_tranrli t _d ma _'n e)
call erable rcpu irtprruotS;
do whilp (cony_le _reqister = trarsmit dma l 1one;
end; /* lrnop iuntil the irterrupt handler

takes rare cf the TDD interriijt -

i t se ts C OPDY T F- Try = F~ P)

call Derform _commani( load _eroln _addresses;

end Drop-rarn -Rrou p-aidrpsses;;

end; /*systefm 1J'ice handlpr and packet processor ~



o~eration await _packet;
srf'= '
c a 1 d ishl 8 ro1 i in ter r u rt c
copy _ e _ rpe'iltpr retceive _ block - ava~iatlp;
Call Wri*- to port (irt , rupt-,rabN _ re~istcr,

receivP -h!okavai labie)
call enab'le r'ou _interrupts;
call writp in) port (nor-mand _repis ter rommard)

d o while (mod (srf,2)= )
call roal iil port 'irterrunt _status _ree, trf)

end; /* d 1 whils IP

s' sta t os i s a va iIa bl e, s c r eaA t

ral I realino peort 'ronman status registpr , stati c~)
p 11t eIdit 7 cOrrManrd st at I S c-Odis(status _role))cl~)e)

Call transmrit nacket 'transmTit _lta _ Iock);

io while (nperation =await _pacceW)

/*' harilor will rhangee~
e n d.

end perorm-linbac';

transmit _ acket: Drocedure (Dackpt) external;

srf' fixPI tin (7),
rer valup fixed bin '7),
wri te i~ _po-t Pr try ( f ixed b in ( 7) fixed bhin (7))
read _ to port entry 'fixed bin (7), fixed bin (r')),
onable cpu _ interrupts enr, j,
Jisahlec~ _ rUinterriipts entry,
write-bar entry (pointer),

1 pa rk t ,

? des-tination ad Ir e ;s -a
- fixed bin f7),

/* assio-ne!'~ 2 destination-address _1,
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VVCLARF
c-,mmard f'ixpd bin (7).
re val-ip f lxpd bir (7)
srf fixei bin (7),
write __ port entry (fiiypd Mr () fixed bin (7)),
read _ o _ ort entry (fixed bin (7,fixed bin(),
com'ianl _ statiis _olecs entry (f'ixed tin (7')

rpt'irns (rhar(.3e) varyir~e:4

/I- end declarations *

srf'
call write _ o port (comnmand _repistpr,com'nand);
do while (m'nd7srP,2) = )

call road ic-port (irtrrrupt status _IEP. r ~ f)
end; 1* do while */
callI read in Do ort (command _statucs repi ster , reg-a 'I;
if' (comnmanI= r'-set) then

if' (comnmand - onboaradiiagnostio) then
p'i t e dit .( romma nd _ s ta t us _c d Ps (r -gv a 1 ie)

(col (50, a);
else

put edit (diaanostir codes(reg _value))

end perform-command;

Derform -looDback: procedure (command);

DFCLA3F

write _ o Dort entry 'fixPI'h in (7). fixe! bin r ))
reai _in _nort entry (fi-Ted tin (7) , fixed vin 7))
i n itial1 i ze _c cp' _ i n t e r r 11pt S P t ry

enable c p u_i rite r rurt s en try,
disable _cpu interrupts entry.
write _bar entry (pointer),

command _ statis _codes entry (fixed bin(7
returns (char(.70) varying),

comnmand fixed bin (7),
status _code fixed bin (7),
le rPP vallzf fixod bin (7),
sr?' fiiel bin (7);

/* end darlare ~
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/* on.1 m'air bniy '

fill -data block: p-ocedurp;

D rC LAi F

± fixpi *Mni (15) static initial (1),
end _of'- _ ilf, bit (1l) static init ('0 h);

/* bppin */
open file (test301A0):
on endfile (test30ic0)

he~1 n;
end _of' file= Ib

10 while ( end of file= )
~et filletest3010")ediT(transmit _data _blcck~databytesk0)

j = j + 1;
end; /*c do while *

end; 1* fill -data _block "

initialize p~ir: Drocedure;

write lo port entry (fixed bin (7),f'lxpd bin('r));
call write _io _port (irwl _ port _ddIrPss,icwl);
call writp_.10 port (icw2 port _addr~ss,icw2);
call write 10 port (icw4_ nort address,icw4'!
call write _ o _port forcwport-adidress,ocwl);

end initializP plc;

perform-command: proppiurp' (command);
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/* with a DS re,,ister val'i- of V'970h in the link
r,'marl. this will place parkets in extended

qlemory "'t href ore Th9'' onpratior cani tike place ~
tran5mit 1ata _b1~ck.1estinat on _ailress -a = 2;
transmit lata bl n ~r .IPSt in 8t ic _aTiild ie ss b = 7;
transmit lata block.destiratior addressc =c 1
transmit Ia t ablock destinati. n _add ress1 = V,
if (cluster = clustpri) then
0o;

tran~smit _data hlock.destinatic.-ri address P = 3;
transmit data _block~destin3tio, address f = -2

1* corresronds to 03-FA*
end;
Plse
do; /* it 's cluster 2 *

transmit data block.destination address _P 1 ;
t ran smri t _data hlork~destinatioi addressf 1?,

/* corresvnonds to 04-: A *

transmit _ 'ata _ block.type _field _ a =N
transmit _data _blork.tYTpe-field _b = 0
do i 1 to 1,909;

transmnit _data _blork.datA-bytes(i) '

end;

call read _ 10 port (command _statuis _register~re~i v~licj)
call fill data _block;
call initfalize _ plc;
call initialize CDU _interrupts;
put skip edit ('Run Onboard Diagnostic') (colf'5),a);
call perform' _command (onbnard _diapnostic);
uut skip e-dit ('Perform Module Interface Loophack')

call perform loopback (module .interface -locpback);
do i = 1 to 1510;

recpiv- -_data tlock.data _bytes fi)
Pnel; /* in 1 *7
Dtt skiD edit ('Perform Internal Lonvba 'k') (35,)
call pprf~rmloorback (intprnalI _oo-Pback)
do i = 1 to i~oo;

receive -data -block.data _bytes (i) '

end; '* do i *7
Dut skip edit ('Perform External Loonback') (col(E),a);
call perform loophavk (go _rlire); /2' external loupftack ~
put skip (2);
put edit ((border (i) do i = 1 to 80)) ka);
put skip (21;

rall perform_ command(reset);
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will be (41 he! + F) * . =
114 hex

icw! by 'f'b4,

/* automatic end of InterruDt

ard buffered mode/master -/

ocwl by 9gf'b4,

/* unmask interrupt 5 (bit 5) and
interrupt 6. mask all others :/

/* end 9259a codes */

clusterl by 1,
cluster2 by 2,
Packet rpcelved by 1,
await_panket by V;

/* include constants snerific to the 1113010
board *'/

%inclulle "ni3(" !,.dcl';

~* "lain Fody */

cluster cluster2;
/* ror itiona] to set up owr address for loopba,-s /

put list ("-z')* /* clear screen /
put skip;
put edit rd er (i) do i = 1 to evI)) (a);
put skip (2) edit ('NI3 Diagnostic Routine')

co1 2P)a
out skip (2);

put skip edit ('Command Issued','Result') 'c~l5),a,
cnl(5P),a);

put edit ('*' ****'.' ,*-*') (col 5).a,
col!,50 ,a );

vut skip (2);

i:nsperftrans b .rptr) = "9PO 'b4:
unsp r(recblk_ ptr) = 'SF0Q'b4;
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ropy comnmantd _statis _repister fieci bin7)
(i..I k) f ixed bin(1)
rpirvalue flx'ai tin 7?),
oDe-ation Pixed bin ')

border (80) char I) statir initial
'trans-blku.tr,re _ blk _ptr) pointer,

/~Modules external t,) this modu le ~

write t.o port entry (fixed. bin (?).fixed tin (7)
real _ or entry (fi~ed bin k'7).fixedt bin (7?
initialize _ pu _interrupts entrfr,
enable rou _irterrupts e Y!t.rf ,
disabl e_ cii _interrupts en try ,
write_ bar entry (Doi,'ter);

1* end module listirp '-

4rep Iac e

/~codes sperif i to the Irtel R259a Proprarnmable
Inter'rvpt Controller (PIC) *

inwi port _address by 'c "b4.
/* note that *1irw2 _port address by 'c2"b4,
1* icw2,icw4,*/ icw4 _Dort _-address by 'r2'b4,
/* and ocw /ocw _port _ ardress by 'c2'b4,
/* use same ~
/* port addr ~

,'* note: icw ==N initializationUc on t rol
word

ocw ==' oppratinnal
command
word

icwl '1y 'b4 .

/* sirgle PIC conf'iguration , edge
tri~ppred inpuit

i cw2 by '40 'b4 ,
/* nost sipnificant bits of vector-ine

byte: for an inte-rllot 5,
thp etffpctivp aidrarss will be-
(icw2 + interrupt **4 wh irv'



1 transmit data _block basel'trans _blAkr)

2 destir~ation _address a
f ix P b in ?7)I./~assi-zned * 2 destiration address _b

b y f--~ fixed b in 'M7)
1* XFROX */2 destination _add ressc

1* "*1fixed bin (7),-
2 destina ti on a Idress I

1* fixed bin (7).
1*assigned i /2 destination _ad IrE-ss -

b v f ixed bin ')
/* INTFPLON */2 destination _address f 1

f ixed bin ~)
2 tvpe-field -a

f ixed bin ,7),
2 tylp field _ h

fixed bin (7),
2 data bytes (150,2)

char (1)

6 1r-ceive _data blork hase' (rec blk ptr),

2 f rame _statuis b it k 6
2 null I bytp f i x- b in (7) ,
2 f rame _leneth.-lsb fixed bi n (7),
2 f ramp lenpth _msh f i xd b inr (7),
2 destination address a f ixed bin (7)

2 destination address _ fixed bin (7),
2 destination address d fixed bint, )
2 dipstinati on--d res fi xFd bit n7)
2 destination address f fixed bin7,
2 dsuineaion- aies fixed bir,7)
2 source _addressb _a fixed bir z! 7
2 source _addrressh f i rd bi n 17),
2 source-add ress _c f i pd tA n k7)
2 source _addressde f ixd flAn i 7)
2 source _address f f fi xP bi '7,
2 sourc- fe ars ff ixed b 1. 7) ,

2 type _field _b f ixel tin 7)
ata-_bytes (1n har (1).

2 crc msh f Ixpd tbn (7,
2 cro _u oY~r _m iddl1e byte f ixed I)in ri7),

*2 crc _lower middle byte f ix Pd bin (7)
2 crc lsb f i vd bir),

testIV10 file,

*cony- ie rp, Is te r f ixod bitn (7)
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T3C~1~IC.TD! L I NIK(6 i np~it ODt i71fi tie

boardtst [codp rahf43P1Idata fa[ejn"m [0>ad [P2).Map~ail jJ
asmr out

xc *A" *:" * *: * ** :c * *."* *r:

** T30tO/C2.INP LINKP6 inv'at option file

t3V~1 '/r2=
borttcdfb49]dt a[O)m-1a[2
asmr out

TEST301O.DAT file

This is a hiighly reliable Dacket switchinp implementation!

NI3010 DIP\'OSTIC bOUTINE

boardtst: procedure options (main);

Date: 14 FFE3 1984

Pro-mrarnrmr David J. Brewer

miodule Vunrtion: This module, ad associatel
siibmodlls, are designpd te, fully diagos- the
N13010 Miiltibus to ?thFernet CommmnnPriti~ns
Controller. If at any time, iurine the levelou-~ent
of softwaro- or hardwarp by a 11e/oe~.trof
7-CCP software a falt ts s ius Kecrt t-l, thi S
comorehensive liiaenn,,tic routine can be exect;t :d
urd er CP/M - &6) by invoking the rnoraA mo Iu I
(i.e., transient comnmand) 'T30lt/Cx', where x
represents the cluster location.
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APPFNDIY L

- ----------

NI~i~DTIt'*IOSTIC COD?

In the evert of an Fthernpt board failure iriication by

the NI3010 Driver, the full range of NI301 operations can

*-be tested with this routine. Any chares to the port

addresses of the N4130103 will have to be reflected in t.,

N!1I301O.DCL fil contained in pperdix K. This coi ', ill lso

have to be recompiled and relinked.

This routine is invoked with the C?/M-86 trarsient

comrand: T30l/Cx, where x is the cluster to be testel. For

examDle, T3(Pt'/CI tests the NI301I0 at Cluster 1. This

diagnostic routine uses the fdctory default Fthenet

physical address, so thP hoards should no. be swapDea

between clusters without taking note of its physical

address. The NI,011 Driver does not hdve this restrlctior.

The file ASM C.UT.A96 is linked with the molulp ,. a Ow

access to harlware Dort addresses ard to allow a low Iev<

assembly largiiar-, interrupt hanrdler to call a PI-

_ interrupt handler. The TTNKPC input option files arn -3I. ,

included In this aDDnedix.
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rpstrore rpgictprs

pop di
POD Si
Poo dx

Pop bx
POD ax

I ret

end
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"et

enable_.cpu irterrupts:

Moiule Interface SDecification:

SI Caller: Ethertest(PL/I) Procedure

; Parameters: NONE

sti
ret

disablecpuinterrupts:

; Module Interface Specification:

Caller: Fthertest(PL/I) Procedure
Parameters: none

cli

ret

interrupthandler:

; ID. CS, ani flars are already or stack
; save all other rpeisters

push ax
push bx
push cx
push dx

* push si
push di
push bp
push ds
push e5
call hl interrupt handier ; hiph level source

; routine
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Mo0v t e MD eS eS
mov Tx es
mov si, [hxl
rno0v ax, [s1l
nov c).1 12
shr d x, ci
mov tePrrtDe_ byte, d I
,no v dx, temD-PeS
mov c 1 4
shi d x ci1
add ax, d x
Jnc no add

add_1: inc temv -e.byte
no _add: out 1 _bar port, a).

mov al., ahi
out h _bar _port, al.
nrov a!., temp_e _byte
out e _bar'_port , a).
pop sil pop dx1 pop est poD cx! pop a~d p~op bx
ret

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

initiaiizecepuinterrupts:

11odule Interface Sperification:

Caller: Pthertest(PL/I) Procedure

* , Parameters: N0NE

initmodule cspg common
orR 114h
int5 _of'fset rw I
int5_ sprnent rw 1

rseR
oush bx
push ax
nov bx, offspt intarrupt handler
mov ax,
plash ds
mnov ds, ax

0 mov ds:int5_off'set, bx
nov bx, cs
nov ds:int5_ sppment, bx
pop ds
pop ax
pop bx

9 sti
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rea- i nport!

Parametpr Passlrg Sp-rification

entry ex it

; parameter 1 <port address) <unchanged; p~arameter 2 <rnear ingle s5> <rep-ister valje'>

c seg
push bi! push si! push dx! push ax
mav si, rbxl
mov al, [sil
mov port address, al
mov si, 2rbxl
mov dl, Dort _address
mov dh, O h
in al, dx
mov sil , al
pop ax! pop dx! pop si! pop bx!
ret

write-bar:

Parameter Passing Specification

; parameter 1. (and only): the adiress of the data block to bp
transmitted or received.

dsep,

e bar Dort eon Vb9h
h bar Dort eau Ibah
1 har )ort eau Pbbh
teD e _bvte rb I
ternpes rw 1

cseR

; This module computes a 24 bit address from a 32 bit
; address - actually it's a combination of the ES register
; and the IP passed via a parameter list.

DUsh bx! Dush ax! push cx| push es! plish dx! DIsh ci

moil qx, 180b ; shared mefrory segment
mov es , dx
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ASM OUm .4R6 f'ile

* extrn hliinterrupt _handler far

publ ic write to port
public read - in _port
public write -bar
public initialize ru _interrupts
publ ic enable _cnu _irterr'iots

*pu blic disable Cpu _interrupts

write_ io o ort:

Parameter Passine Speification:

entry exit

parameter I <Dort address>(lrcnci

Darameter 2 <valuep to be outputted'> <uinchanped'

d see

port _address rb 1

CsP

rush bx! Du sh s i! push, dx puis h ax
mov si, Fbx]
rnov a, [ fsi1
nov Dort address, al

0mo; s i, Ftxl
nOV a]., fSO
nov dl, port address
mnr)v I h, 910h
out d X, al

*pop ax! pop Ax! PO Si! sIIPOP bi
ret
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'by ---- * fixed bin ()
/ XFIROY ~ /2 destination _address _c

1* flxnd bin (7),
2 destination adlP-ess d

fixed bin 'j7),-
1*assiered * 2 dpstination _address P
1* by fixed bin (7),-
1*INTERLANJ' 2 destination address _ f

fixpd bin (7),
2 type _field a

fiirea bin ()
2 type-field _b

fixed bin (7),
2 data _bytes (1500) char 1);

/* bevin *
srf =0
call write _ loport'irterrunt enable register.

disablo _ n3010 _i-ntrrupts);
call write _ba,- (addr(DackeT) ):
call write ic .- Port(hiah _byte-_(ounlt-_ree, 5); /'* l15OB

0 call write __io _port(low_ byte_ co~,nt _ rp, -2Q);
coDy ie_ regi-ster = tranc'nit _dma _done;
call enable rpu Interrupts;
call write io _oort(ir terruut enable _repgister,

transmit _i _Ione)
lo while r vpy_ le reeister = t~ansmlit dma _lone);
e nd /~lon until the interrupt hehdler

* -~ takes care of the TT)P lnterriKit -

it sets IF PF( to 4 /
call write _io _port (comnmand _rezister, load _ani _senid);

do while (rnd(srf,2)
call read io Dort (interript _statis- rep, r

end; /'* do while */
call read _in _port (comnmand status _repist.er, rep vae';

-nl transmit _packet;

IlL _interrupt _hardler: procedure- external;

/* This rolitine is called from the low level
ROPP asso-mbly language Interrupt rotin' rc/

DFCLP.FF
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write io port en~try 'fihed tin '7), fixed tin '7)),
r oa 1 1,:, port F-ntryv (fixrui bin 7 fixcd hir ))
na ble cpii itprrupts entry,

lisable cnu inte-runts entry,
write bar entry (poirter),
mratch bit (1) st atc i m it. '1'b);

/4' begin *

call disab le _cpu_ interrupts;
call. wri te _io _p~ort(lnterruipt _enable _register,

41 sa ble _ni.(P1? _ nterrupts '
if (ropy _ie-rPgister = receiv' _block--avail~ib1P)
ther do;

call. write bar (addr(rereive _lata_ block));
call write io ioort(hi-ah byte (count _ "--, 5);
/ 1522 byte-s na/ al wr ite P io _o ,rt (lIow by te co u nt rc,-4

/~initiate rpecive D'1I A

call wi-ite _ o -port~interruipt _0nable-repiste-r,
*receive _dma _clore) ;

copy _ ie repister = rpeceive _dma _done;
end; /* In *
else

if (cqnv ie reeister = recePive _dma done)
then do;

do 1 1 to 1591(;
if (tranismit _data _blork.data _byftes'i)

receivpedata _blork.riata-_bytes rI'M
then

match = 0
eni; / iterative do *
if 'match = ~then

o:
Dult skip(2 ) Pd it *~wa rnine

T)u t ski D e~dit ('91*x Packpt Frror -

* (col. "25 ) ,a
end; /ift *
oparation =parket reralveil

end ;

if (copy_ ie reeistpr = transmit-dma _doie)
* then do;

call wrIte to pcrt'interrupt _ePnable _ register,
receivP block _availdble);

cny l-e _register r re!-i vv block ava ilatle
end; /* if then do *

end HL _ rterrwpt-handler;
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r'ornmad -s t atus. c o Ies: prvocrdre 'c'YnmanId _statis?

external return's (char (3,.-) varyino);

DFCLARF

cnmanrd _statuis fixpd bin (7);

i f com-la!2d status = 0 then

el se
if commanl _ tatus =1 then

returi 'SUCCFSR WIT"R PFTnTPS');
else
if commanl statlis = 2. then

return "'ILLFGAL COMMAND');
else
if comnianl status = 3 then

return ('INAPPPOPRTATIF COMMAND ');
0 else

i f c om-a n1 _ tatlis = I then
returr ''FAILURE');

else
if commandi status =5 then

return ( -MJFFFR SIZE 'XCFEDFP')
else
if commanl status = 6 then

rpturr ( 'FRAME TOO SMALL');
else
if com-nani _ tatus = then

retlurr ( 'EXCESSIWE rOLLISIONS');
else
if' commarl status = 10 then

retiu ry ( 'PUP'FTF iL1rN'M'F'T F TROP-

end roimarv1 sta tus- nod.-s:

0 /* V- ;-:c ; *:4. 3~

>9 i8R*iosti(c cdes: D-ocedilre (dia; _ sta tis)
extprral returrS (char T- varyi ne)

DFCTLA r

d iigst at iis fired bin (7);

i f i iap-s t 3tus = 91 then
return ('StTCCrSS '
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i f i i a- St at"5 s then
re-t!,rn ( 'NMjl , I(po~ooCrSSCp kjr1oIRfY FRiOY)

i f i iaR _ st--it'is =2 ther

e lse
if liap _ Staitns =3 t1hen

return ( 'TRANS'IITTr rpROT?)

else
if ita Stat'IS= 4 then

retur-i ( P7,-CF.VFR ERROR'):

if liap_ statias =5 then
return ('LOOPACK FAILUR7');

q end; /* proceliurp boardtest ~
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