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ORGANIZA~IOH OF fRB DISSER!ATION 

The organization of the dissertation and contents 

are as follows: 

Firstl.y , in introductory chapter the statement of 

the aim of the dissertation and methodo1ogy chosen to 

achieve the task, we aimed at, are mentioned. J. brief 

review of some ezampl.es 1n the literature rel.evant to the 

wozk we are attempting is presented here. 

In chapter I 9 the simu1ation process of TDC 316 is 

discussed in detail.. The design :ls presented in step-wise 

refinement method. 

Chapter II is devoted for the Etudy of •modul.arization 

methodology• which is used in deve1oping the program. The 

modu1arization methodol.ogy is studied in the light of two 

concepts, ~el.y the structure of the modu1ar programs and 

the criteria to be used in decomposing the large system 

into modules. Simul.tanecmsly, 0\lr modular simul.ator is 

anal.yzed in the light of the above concepts and explanations 

tor tol.l.owing any structure or criteria in the decomposition 

are presented. 

Chapter III deals vi th the design and the 

developmental. aspects of the simulator SIM16. In this 
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chapter the probl.ems that are encountered during the 

design and development process of the program and also 

how we have overcane them~are presented. In the second 

section of this chapter a brief discussion about how 

our modul.ar simul.ator SIM16 can be impl.emented tor other 

system• or config11rati ons is g1 ven. 

li ert chapter is concl.uding chapter mich briefl.y 

summari£es the contents of previous chapters and also 

offers some conclusions, commen. ts and suggest! one on the 

simul.ator program. 

Appendix 1 contains a very brief note on the 

modular features of the l.anguage which is used for writing 

SIM16, namely CC.NP .ASCAL. 

Appendix 2 conta:1.ns the commands to use SIM16 and 

also listing of the addresses of TDC 316 G.P.R s and 

device registers, for understanding of the constants used 

in the simulator. 

Appendix 3 contains the listing of SIM16 program~ 

alongwtth the CONTEXf fil.es of each module. 



IllfROllJ OTIOI' 

Objective of the dissertation is to carryout an 

experiment using modul.ar programming methodology W1 th a 

particular goal of developing an easily modiftable software 

system. 

The need to carry011t such an experiaent is that 

the software systems(compilere, assemblers, interpreters, 

simul.ators, commercial data processing programs etc.) are 

general.ly developed as special purpose systems which do not 

allow easy modifications after their devel.opment. 

Modular Programming is a programming methodol.ogy 

by which a l.arge and complex task can be di.vided into small, 

easy and "intellectually manageabl.e" tasks. 

As an instance,we have taken 'tile task of modul.arizing 

a simulator tor computer system TDC316 which was already 

developed as a big, singl.e monol.i thic program. Modularizatb 

at this system is carried out to make it more 'flexible' 

i.e. to facil.itate ita easy implementation to a number of 

different configurationQ{computer systems. 

Simul.ation, in general usage, is defined as an act 

or process that gives the appearance or effect of some part 
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of rea.J.ity. !rhis definition is too broad. A more 

precise definition of simulation is as follows 

(Maisel Harbert, 19): 

'Simul.ation is a technique tar: conducting 
()-r 

4 

eXperiments on digital computer; this involves certain 
1\ 

types of mathematical. and log1.cal. mode1s that describe 

the behaviour ot business, economic, social, bio1ogical, 

physical or chemical. systans (or some component thereof) 

over periods of time'. 

For our purpose the simul.ation of a computer system 

means making the host machine behave like the machine being 

simulated. 

• :software lmgineeri»g' is;\el.ativel.y new name cOined 

to denote a rap1d1y growing body of knowledge vi th computer

program design, composition and production. Software 

E:ngineering is equally concerned vi th the qual.i t:r of the 
~ 

programmers product and with the efficiency of the process 

of getting this product ( W.M. 1'ursk1, 21). 

•software tlezib111ty• is one of the cCDcepta ot 

Software Engineering. Fl.ex1b1l.ity of Software is~two types 



• Adaptability' and 'Portability' (Buxton et al, 22, pp 166). 

Adaptability is concerned with enabling a given 

system to grow and change. 

Portability is the more restricted problem of area of 

moving a specific software system tram one environment to 

another. 

The concept underlyi.ng our objective,namely_, 

'Modifiabilit.J' is related closely to adaptability. 

There exist a number of examples for software which 

is sufficiently portable or adaptable. An early example is 

the ALCOR ILLINOIS canpiler for ALGOL 60, which was built 

tor an IBM 7090 and was transferred by David Gries to an 

IBM 7044 in just two-man weeks. However, it is to be noted 

that there is little architectural difference between these 

two maclU.nes. Its portability was achieved .ma.inly through 

parameterization (D. Gries ~tal, 23). 

Another experiement is of P.O. Poole and W.M. Waite, 

using a •mobil.e programming system' with the macro processor 

STAG~; as tool.. (Poole and Waite, 24, 25). This STAGB~-

i tself is highly portable and has been implanented on twenty 



different computer systems requiring about one man-week 

of efforts to obtain a running version in each case. 

a~AGB2 was coded in the assemb~y language of a special 

purpose computer cal~ed FLUB, which was desie,uea to handle 

the data structures relevant to· micro processing: trees, 
' strings and integers. STAGB2 was implemented Via SIMCMP, 

a simple compiler developed by the same persons (Richard 

J. Orgas and w.H. Waite, 24)• 

~here are many more interesting approaches scattered 

in the ~iterature. 

Another ezample of highly portab~e software system is 

the CCBPASCAL compiler initially developed for :.D~system. 10 

at IfOSDCT-TIFB.-Banbay (V.R. Prasad, 15). CCBPASC.lL cc:mpiler 

is a self-compi~ing modu~ar compiler. ~he parser is aeparateJ 

from the code generator and performs considerable machine 

independent Optamization. To adapt the compiler to a new 

machin~~ the code generator has to be modified requiring 

an effort of about ,_6 man-months. COBPASCAL is implanented 

tor a nwnber of S7stem.s such as DEC 10, PDP 11, KOTO.ROL.l 

68000, IBTBL 8085 and tDC ,16. 

In all the examples quoted above one common thing to 
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be noted is that the software system .is •moved' to 

different target machines (portable) • 

Our objective is also to develop a highly modifiable 

software SI'Stem. !here are no drastic conceptual differences 

between the example problem we bave chosen to carryout the 

experiement and the objective of the above exampl.ea. 

However. in de?eloping our software s.ystem 9we have nat 

considered the portability criterion. The modular simul.atar 

vill work only on the machine on which we have developed 1 t 

ini tiall.y; .but it wil.l. be adaptable to di:tferent cha~es -

growths and contractions. The s1mul.ator can be made/\.work 

for a number of' computer systems with reduced ef':tor~. 

This requires that the inner detail.s and the logic of the 

simul.ated machine dependent parts #J4'f be separated from the 

overall structure and logic of the program and the simul.ated 

machine independent parts • 

.lD e.z.ample., which is simil.ar to the one we are 

attempting,is the development of' modul.ar simulator far the 

i'airchild l8 micrOprocessor by Kallol K. Bagchi et al of 

" Jadavpur Universi ty9Ind1a. This sfmul.ator consists ot 

three basic modul.es J m.amely)microproceasor simul.ator which 
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simulates the J'8 micrOprocessor, I/0 process simul.ator which 

stmulates DMA activity and Exte~al Device Simulator Which 

simulates a vide range of synchronous and asynchronous 

devices. By shadowing completely or partiall.y a particular 

module, various micro computer configurations may be derived. 

In addition to the three basic modul.es) the package al.so 

contains a cross-assembler including macro facilities 

(Kallor K. Bagchi et al, 26). 

Another software system which is 'adaptable' tb 

the different modifications is the KWIC index production 

system. This system design is presented in both conventional. 

and unconventional. decomposition of the ~%%1~§' 

systems into modules and then the two decomposi tiona are 

compared. Through this program modul.arJ.zation, Parnas D.L. 

suggests a number of criteria to be used in decomposing the 

system into modul.es (Parnas D.L., 1). These criteria are 

f'ol.l.owed to a good extent in developing our modular 

simulator. 

As a whole, though our experiment does not have major 

conceptual differEnces with 1he examples exl. sting already 

in the literature, it is still. worth carrying out; because 

modul.arizat1on can be done in a number of ways depending upon 
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the logic of the program at1d the goal.s ot the work. 

Al. though certain well-established criteria are to be 

followed in decomposing the systems into modules, a 

practical ezperience with modularization concept! gives 

a deep insight into its process. Also the modularization 

in CCNPASCAL g1 vee a good picture of the already popular 
-\V>e 

and efficient methodology ofJSoftware Enginee~ng. 



BDmLAfiOH OF fHB COHPU!EB. SJ8flll TDC 316 

GEIBBAL SIIULA!ION PBOCBSS •• 10 
OF T.liB C CI!U'UTBR SIS!lilMS 

SIIDLA!IOH OF !DO 316 •• 14 

-RliALTIMB !ABU •• 14 

lJVD'!S •• 17 

IB'fBRHJP!S •• 19 

SIMULATION OJ' liVBftS •• 20 
AID IB!EBRtJPfS 

SIMULATIOB OP I/0 •• 22 
DBVIOBS 

-INST.BUCTIOll BX:OOUTION •• 2o 
FETCH STATE •• 27 

DECODE STAX.B •• 27 

BXECU~E STA.TB •• 29 



10 

The simul.ation of computer systems usual.J.y are 

carr1.ed ou.t to evaluate systems performance effectively. 

In a comprehensive article on systems evaluation 

(Lucas, 20),it is noted that simulation is 'the most 

potentially powerful and flexible of the evaluation 

techniques• and 'is the most adequate for all purposes 

of evaluation', but the greatest drawback of s1mu1ation 

is its relativel.y high cost. 

We shall not go into the details of simulation and 

its advantages here, because our objective is to modularize 

an already existing stmulator for computer system TDO 316 

to make it more 'flexible'. However, tor our purpose, 

we sball briefly discuss the simulation process of any 

computor system in general without going into the details 

of any particular system. Lateran we will discuss the 

simulation of TDC 316 in particular. 

Simulation process of any arbitrary computer system 

has the following tasks to be per:rormed. There may be 

slight deviations from this general process for simulation, 

but more or less it is general to aJ.l computer systems. 
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!he simulation process is outlined as consisting 

of a number of subtasks. A detailed description of 

simulation of TDC 316 system is given at l.ater chapters. 

Here it is intended to give just a birds-eye-view of the 

simulation process to justify our usage of the methodology 

namel.y MODLARIZATION AND SEPARATE COMPILATION (V.R.Praaad, 

17). 

INITIATION: 

Initiates a dialogue with the 1nteractive user: 

1. to initialize the system 

2. to start the simulation process 

3. to provide onl.ine debugging facility (na 

inserting the break points :for inatmctions 

and address, and accessing required memory 

locations and modifying their contents and so on) 

4. to provide the simulation summary at the end at 

simul.ation process. 

MBMORY ACCESS: 

J.. Decl.are different data struc1nres and define 

routine e neceasory for accessing the memory 

blocks of: core memory, central pmceasor and 
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I/0 area. 

B. Define misce~laneous utility routines to 

perrorm various operations such as complementing 

a word~ reading fran or vri ting into a particuJ.ar 

portion of a memory word (e.g.; read bit no.6 

ot status register,get ~ert word ot the data 

and so on). 

REALTIME TASKS:: 

J... Create and maintain event and interrupt 

schedul.es. 

B. Do interrupt, event and trap actions. 

DEVICE SIMULATION: 

Simu.l.ate the required devices such as Key board, 

fel.e Type Printer, High speed Reader, C~ock md 

P~otter and so on~ 

PREPARATION FOR EXECUTION: 

J'etch the instruction from memory.· Decode the 

instruction to find OPCODE,MODE of operation etc; 

Eva.l.uate the swrce and destination operand 

address. 
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INSTBUCTIOB EXECUTION 

Get the specified source and destination 

operands from appropriate blocks of memory (by using the 

routines defined in the step number 2) perfo~ the actions 

required such as adding, mul tipl.ying shifting l. oading 

jumping from one l.ocation to another and so on. Serve 

al.l. interru.pts waiting in the queue. 

fhese are the gEneral. steps to simul.ate any 

ctmputer system. 

Fran the above description it is worth noting some 

1nterresting points. 

First1r, the whol.e task of simul.ation has been 

divided into a number of sub tasks such as INITIATION, 

:MEMORY ACCESS, DEVICE SIMULATION, PREPARATION FOR EXECUTION, 

I.NSTIIJCTION EXECUTION. These sub tasks can be made, bJ 

choosing proper criteria to decompose them into Sllb tasks, 

more or lese independent of others. Therefore,they can 

be put in different modules and also can be developed by 

dii'ferent persons. Al.l. that one needs to knov,t o develope 

another modul.e 11s how to use the routines and data in the 

other modules. One need not bother much abou.t the details 
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ot the code body. Therefore these modules can be separated 

out from each other. 

!here are other interesting points worth noting 

down. Some of 'the moclul.es are mecline/contigurration 

independent such as the INITIATION, part B in the HBMORY 

AOCBSS module, and part A Of RBALTIMB TASKS. That means 

when writing simu1ator for two different systems/contigarra

tions these tasks have to be repeated almost emctly. 

Therefore, these parts can be separated from others. Then, 

to s~ate another system/contigurration keep these parts 

intact and repl.ace (or modify) onl.y other parts. One more 

point is that we kept the simulation of the devices in a 

separate module. Therefore, i'f at a later stage one wants 

to simulate one more device, say, Plotter, he can just add 

one routine to this module without changing the rest of 

the Simulator. 

For the above said reasons and al.so for the 

reasons which will. become clear in later sections the 

method of MODULARIZATIO.N and SEPARATE COMPILATION is 

chosen to devel.Ope a sort of general.ised simulator. 

we will discuss the simulation of TDC 316 (ECIL 1971) 
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canputer s,-stem in detail.• ~he simulator, we call it, 

SIM16, was intended to: 

(a) execute machine language programs at TDO 316 

(b) simulate a realtime environment '!CII! ~DC 316 

(c) provide on-line debugging facill ty. 

SIM16 is written in a language ca1ied OOBPASOAL 

( V;R. Prasad, 15). fhis is a PASCAL kind of ~anguage with 

same additional. features to support: 

Modular and Concurrent programming 

Type parameterization 

Data abstraction facilities. 

A d1 scussion on modular features of OCNPASC.AL is 

g:1ven in later chapters. 

Input to smt 6 is a machine langu.age program of 

TDC 31,6 and ou.tput is the resuJ. t of the program lihich is 

supposed to run on TDO 31 6 systen. 

We will now present the algorithm for simulation 

ot !W-C 316 computer system in step wise refinement method • 

Later, we decompose it into modules graduall,-. See ALG.1• 

(Mathai Joseph, 16). 
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Version 3 gives a brief al.gori thm of the 

simu1at1on process. We will discuss the steps involved 

in this process in their respecti. ve modules. 

In the first step we declare and initialize 

various simulation data. This typically consists o:t 

1. The boolean variables which control simul.ation 

process such as 

halt condition 

simulation error 

event schedule empty 

interrupt schedule empty 

wait condition 

trap conditions 

and nUmeric data such as 

nea1 time 

priorities 

interrupt and event ~sts 

status and but"fer registers of devices 

general purpose registers 

simulated memory 

trap vectors,base address and so on. 
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J.s we go fUrther, we split this data into different 

modules wherever it is appropriate to keep them. 

In the second step real time tasks are performed. 

4J!he real time tasks are those that create a real. env1romnEilt 

of TDO 316 s;ystem on the host system for simulation. Th:is 

part necessiates the capab111 ty of keeping track of variou.s 

events in the system, caused by acti v.1. ties CQlcurrent w1 th 

the instruction execution process- Some of these events 

cause 'intermpt request• and migb. t take systan into trap 

state. 

In the next step actual execution af machine 

instruction is perfomed, by eval.uation the addressee of 

source and destination Operands, OPOODE s, MODE of Operation 

and eo on. Thus, we can divide the s:Lmulation process into 

two modules consisting of realtime task simulation and 

instruction execution simul.ation as shown in the following 

fignre. See Fig. 1. 

REAL TillE TASKS 

Events: 

The real time environment of the TDO 31 6 can be 

characterized by- the number of concurrent activities in 
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progress in the sy'stem at any given time. some of these 

activities culminate in predictabl.e BVlliTS and hence 

can also be characterized by the events they cause. As 

these events occur in rea1 time, a l.inear l.ist of event 

times and event types can be used to portray the parallel. 

activities in progress in the system. The assumption that 

two events will not occur at the same time may be noted. 

In other wol.'Cls, units of time are fine mou.gh to c1i stingnish 

between separate events (a restriction imposed by this 

scheme is that, if separate events do occur at 'the same• 

time, the events shoul.d be independerrli of each other• s 

infl.u ence) • 

To il.lnstrate such a concurrent activity and its 

associated event we wil.l. present an exampl.e here: 

Consider a 300 ch/sec paper tape reader. The 

initiation at the reader to read a character causes the 

start of a parall.el. activity (paral.l.el. to the instruction 

execution process and any other device in Operation). 

3.33 m.sec later. the reader wou.l.d have finished reading a 

character. !he reader which was in BUSY state so far, 

become FRBB.- The buff'er register has the read character 

and the status of the buffer is FULL. !he simulation of 
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the real time envi.ronmmt requires that at the time o'f 

this event, th-e status of themader mou.ld portray aJ.l. 

the above information (by settirlg or clearing 'the 

apprOpriate bit positions in the status register) and 

the reader buffer dl ou.1d contain the pertinent character. 

For values of real time before this event, this shoald not 

be the case; and for val.ues Of real. time after the event. 

this condition should hold (until some operation is 

performed which changes the reader status). 

D!BBRUPTS: 

It was stated above that only some of the 

parul.el activities terminate in predictabl.e events in 

real time. There are other paral.l.el. activities for which 

it is nat possibl.e to predict the time of 'their termination. 

However. these paral.l.el activities terminate upon the 

occurence of an allowable state of system. 

For instam e, consider the waiting queue of 

interru.pt requests. ~his queue is organized according to 

decreasing priority so that highest priority interrupt 

request gets the first attention. However, it is not 

possible to predict 'when• this interrupt will receive 
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attention, because the receiving of intermpt request 

depends on the priority of tbe c.p.u• 

From the above discuss:l. on it may be noted that 

the real time, situation can be modell.ed by maintaining 

an event sch edul.e and per serving the queue of waiting 

interrupt requests. 

Thus, we can ihrther catagorize the real. time 

tasks as simulation of event and interrupt occurrences 

and simul.ation of input output devices. See ALG 2, Jfig.2. 

iiMULATION OP EVENT AND INTERRUPTS 

This part consists of impl.ementation of event and 

intermpt schedules and their maintenance. In this part 

we decl.are 1he status registers and routines which do the 

event and intermpt actions. 

We have two ordered Usts or queues. Each l.ist or 

queue has its own orderi:ag key. !o keep track of the real. 

time situation, it shOUld be possibl.e to introduce new 

el.ements into the sel.ected queue ~ list according to the 

value of the ordering queue associated with the new el.ement 

(e.g., priority of interrtlpt). So also 1t shOttl.d be possible 

to del.ete the first el.ement o:t the selected queue. Ftlrther 
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more, .it should be possible to remove an ubi trary 

e1ement by identifying the device with which this element 

is associated. 

The first of these operations (entering elements) 

is used to schedule events or log interrupt requests. The 

second of these operations (removing the first elanent) is 

used far: performing the actions required by an event ar: 

for servicing interrupt requests. 

Let's see how interrupts requests are queued. 

Consider the previoas example of paper tape reader once 

again. Asswne that the de'V'ice capability to request an 

intermpt is enabled. Bow the occurenc e of an even 

signal.l.illg the end of a read operation in the dev1ce, 

c Ollpl.ed to - •interrupt request enabled • state can cause 

an interrupt request to be scheduled by the device. 

~he priority of the request depends on the priority 

of 'the device. In TDC 316, this priority is hardware 

assigned and there exists a uniqueue priority identifying 

each device. 
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We shaJ.l now present an algori tbm to implement 

event and interrupt schedules. See ALG 3, 4, 5 ami 6. 

SIMULATION OF I/0 DBVICB6: 

Simul.ation of I/0 devices is done by 1mp1ementing 

the real time Operations of these devices. Each device .is 

allocated a bl.ock ot address in the address space and is 

made to perform various transactions by manipulating the 

contents of allocated address. Hence we need infomation 

storing and retreiving routine for each device. 

The storing routines detect conditions in the data 

to be stored with rel.evanc e to the address specified and 

. thereby, cause either scheduling of events or cancel.lation 

at scheduled events and logged intermpt requests.· 

The retreiving routines either. just, fetch data 

from specified address or also perfar:m some operations 

required by the side effects af an access to a particul.ar 

address e.g. clearing a buffer register after accessing 

it. 

Through the use of these two routines, programs can 

operate the devices. 
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Interrupts in TDO '16 1ead to a 11nique l.ocati on in 

the interrupt vector depending on 1:he device. so, we need 

an intermpt routine for each device which vi11 provide 

the interrupt vector address associated with the device 

for invoking the interrupt sequence by CPU (and for 

perfo~ing other fUnctions). 

The information shared between all these routines 

tOZ! each device is available in: 

(a) the device registers J.ocated through addresses 

assigned in the address space of 1he device and 

(b) the two J.ists, event schedul.e and interrupt 

schedule. 

We shall. nov,see how the above tasks can be separated 

into different modul.es to increase the understandabUi ty and 

decrease the mutual interaction between any two modul.es. 

fDC '16 has one unique and interesting feature 

that a.J.l 1 ts subsystems components are al.l.ocated mutuall.y 

excJ.usive address bl.ocks in the unibus address space• This 

means that the CPU does not have the burden of perfoming 

special.ized Operations for achieving input-output 
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transactions in the system. In other words., manipul.ation 

of contents of certa:ln address (allocated to input output 

devices) 1nd1rect~y causes the performance of i.nput-output 

transacti one. 

In simu~ating this address space, two procedures 

were visualized, one far storing information into address 

space and another for retreiving information trom address 

space. The storage and retrieval routines of the un1 

address space invoke further store or access routines of 

particular su.bsystems depending on the address part of their 

arguments. In case no subsystem has been allocated the 

specified address~the request is considered 11legal and 

shOtlld cause a TBAP action in the system. According~y the 

appropriate trap nag is turned on for further processing. 

Therefore, we have divided the DEVICE SIMULATION part into 

two groups one that belongs to i/o devices second that . 
belongs to registers, core and CPU. See Pig. 3· 

The routines which manipulate status registers of 

the devi.ces and I/0 area are pushed into one module which 

also contains event and interrupt simulation routines. 

The routines whiah man1pu1ate the g.p.r s, c.p.u. and core 
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are pushed into another module. Thie sea ond module i.s 

further divided into two parts one which decodes the given 

add:ees and identifies the apprOpriate area to which the 

address bel.ongs to. It may be noted that this roatine is 

simUl.ated machine dependent because this invol.ves the 

particul.ar configurration and absol.ute address of the area 

of the subsystem in the uni address space (REALTASXS). 

The other modul.e contains rOll tines which initiate 

apprOpri.ate storage or retrieve routines (MEMORY). The 

reason for this modul.arisation i.s that the third module 

(Hli40RY) does not invol.ve the detaUs of any particul.ar 

system. !hese routines can wel.l. wo l.it :tor all 1 6 bit word 

and 8 bit byte oriented systems. Modules UNIBUS and 

REALTASKS contain the routines which are heavil.y dependent 

on the TDC 316 system. But these two are pushed into two 

different modul.es to enhance understandabil.i. ty and smoothen 

the interaction between the modul.es which use these modules. 

It is apprOpriate to keep al.l. those modul.es which create 

and maintain I/0 events and interrupts~and those that 

maintai.n the I/0 block in the memory in one block. There 

fore, nov we have the fol.l.owing structure of simul.ation 

ta*"s•• fig.4.). 
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INSTRUCTION EXECUTION 

Let us now discuss the simu1ation ot instruction 

execution. 

The process of instruction execution, in most 

canputer systems, can be denoted by the succession of major 

states of their central. processors• For a typical i.nstructio~ 

the time succession of a typical c.p.u•s major states would 

be: 

(1) the instruction fetch state. 

( 2) Operation decode. 

( 3) Operand address evaluation. 

( 4) execute state; and finall.y 

( 5) conditional entry into TRAP state to check 

abnormal condi tiona internal to cpu • 

.Algorithm for these tasks is as shown in ALG.4. 

This instruction execution part, we further 

divided into two groups: one that contains routines for ~ 

instruction fetching, decoding and evaluation of source 

and destination address; the other part that does the 

actual execution of instruction. 
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See F1g.5. 

See ALG.5. 

Fetch State: 
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fhe fetch state causes an access, by means of 

a next instruction pointer to the address space tor 

fetching the next instruction. The retrieval. process is 

successfU~ if the pointer has an al.~owed value and there 

exists a definition for particruar member of the address 

space accessed. Succesef~ fetching ol the instruction is 

fo~owed by actions to update the pointer, preserve a brief 

history of point era to provide a trail of the progress of 

a simulated program and to parse instruction word into 

various fie~ds re~avant to instruction formats. Fai~ure 

of the retrieval. process causes TRAP FLAGS to be turned on. 

(The trap f~ags far signal~ing disal~owed pointer values 

are turned on by cpu routine for fetch process, and the 

trap f~ags for signalling non existent devices in the 

address space is turned on by the appropriate storage and 

retrieve r~tines). 

See ALG.6. 

Decode State: 

This state is concerned with the identification 

of the instruction class (and hence the instruction format) 
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to which a given instruction belongs. This procedure 

takes the instruction as input and gives the OPCODE ot 

the instruction as output. This is typical~y dependent on 

the partic~ar machine. This procedure also sets certain 

trap fl.ags depending upon the opcod.e type (e.g. if the 

instruction is a reserved instruction). This preserves 

the purpose of the two modes of operations: user mode 

and ke~ mode of TDC 316 centr~ processor. 

See ALG. 7 • 

Evaluation of source and destination addresses: 

The operation 1n the source state are, first~y, 

evaluation of the source operand address and second~y, 

the retrieval. of the vuue at the source operand from the 

address space·. In the destination state, the destinaton 

address is eval.uated. The destination operand, if required 

at u~, is fetched and used on~y in the execute state. 

The address evuuation procedure of the TDC 316 is 

more e~aborate than in most contemporary machines. Al.~ 

addressiDg is done via genera~ purpose registers·. The mode 
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of usage at these registers in the address evaluation is 

specified by a separate field. 

We have wr1 tten a procedure to accomplish this• 

This procedure takes the instruction register and finds 

out the MODE and REGISTER of source and destination 

operands. Then call.s another procedure which takes these 

two as input parameters and returns absolute address of 

the operand. 

See U.G. 8 • 

EXECUfE STATE; 

fhis state forms the core of the machine langt1age 

instruction execution process as it is here that detailed 

actions corresponding to each of the instructions in the 

machine language are performed.- Far execution of each 

the instructions, corresponding operations are performed 

and the condition codes are set as required by the outcome 

of the Operation. 

See .ALG. 9 .-

The simulation process is, now, as shown in Fig. 6. 
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Dijkstra says programming is an art. However, 

much as artistic skllls. can be improved by suitable methods.9 

programming skills can also be improved by adapting 

efficient methods. 

It is recognized that the crucial part of programming 

:is not just the runnable representation of the problem~ It 

is the understandability, flexibility, portability, 

canprehensibility, reliability, and correctness.apart 

frcm ru.nnable representation.malte the crucial part of the 

programs. 

The research in software engineering and programming 

methodology is mostly to achieve the above goals. 

1. MODULARIZATIOB AND ITS ADVANTAGES: 

The evolution at structured programming 

{D'ijkstra; 1 3) and step wise refinement ( Wirth,18) methods 

are a few examples of researcher• s su;oc·ess in this area. 

More primitive than these is the 'decomposition' of a big 

task into smaller ones and having an appropriate interface 

among the smal.ler tasks and the •main' programs. The concept 

of procedures and functions (as they are refered to in the 

most of the higher leTel languages9 typically Pascal) is 



common in programming. '!his, in a very primitive 

seilce, can be called as MODULARIZATION. A further 

development in this direction is the modularization 
~t 

asJ.is known today. 
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A module is a collection of declarations and is 

a unit for compilation which can reference, aside from 

its ov.n variables, only those variables that are explicitly 

made availabl~ to it (V.R. Prasad, 15). 

A. large program is typically one that is developed 

and later modified by a changing group of programmers, who 

may be organized in number of programming teams. In order 

for such teams to work rather independently a program has 

to be str11ctured into MODULES w1 th clearly defined inter

faces (J. Steensgaard and Madsen, 20). 

Understandability of a program varies inversely 

with the amount of information one has to remember while 

going through the program text. The amount of such 

information becomes e.xhorbitant in the case of large 

monolithic programs. A good design would collect strongly 

related information into smaller modules and establillh a 

fairly understandable interaction across such modules. 



32 

Dividing a big program into smaller modules in this fashion 

has come to known as MODULARIZATION ( V .R. Prasad, 15). 

In a modul.arized system any particul.ar module needs 

to know only the relevant parts of the other modules and 

internal details of a module are invisible outside, unl.eas 

expllcitl.y designed to the countrary. This is known as 

•need to know principle' (Parnas, 1972). 

€/ 
fhe benitits expected of modular programming are 

I (Bergland, G.D., 8): 

1 • Managerial-development shOlll.d be shortened 

because separate groups would work·on each 

module with little need for communication. 

2. Product Flexibility - it ah~d be possible 

to make drastic changes to one module witho.lt 

need to change others. 

3. Comprehenaibili ty - 1 t dl auld be possible to 

study the system one modul.e at a time. The 

whole system can therefore, be better designed 

because it is better understood .. 

4• Complexity - the control of the program complexity 
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is the underlJing, objective of most of the 

software engineeri.ng techniques. The concept 

of 'divic and conquer' is most important as 

aa answer to the complexity, provided it is 

done correctly. When a program can be reduced 

into 'independent • parts, the complex! ty is 

reduced dramatically• 

Consider the program A in the fig. 7 where we have 

access to only the input and output. A noble goal would 

be to completely test this program by executing each unique 

path. In the example shown, there are approximately 250 

billion unique paths through this module. If it takes one 

milli second to perform one test it wo-lll.d take aboat eight 

years to completely test al.l unique paths!! If however, 

we had knowledge of what was inside the program and 

recognized that it cou1d be partitioned into two independent 

modules B and 0, which have low •connectivity' and •coupling' 

(coupling is a measure of strength of interconnection 

between the modules), our testing job could be reduced. 

To test both of these modules separatel.y requires that we 

onJ.y test about one million unique paths through each module 

which takes about 17 minutes t 1 
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Thus, it is understood that testing probl.em is 

best sol.ved during design stage. It is impossibl.e to 

exhaustivel.y test any program of significant size. 

5· Reliabil.ity-since each program can be developed compil.ed 

and tested separatel.y, when they are combined to form a big 

system the finished product is expected to be of high 

rel.iability. In big monoiJ.thic programs the 'side effects• 

cause6 by various procedures and variables, types etc; can 

reduo e the reliabil.i ty of the product. 

6. Understandabil.i ty-as stated in the above paragraphs, the 

understandabil.i ty varies inversely with the amoant of 

information one has to remember while going through the 

program. Siilce separate modules are much smal.l.er than the 

total. program, understandabil.ity is greatel.y enhanced. 

7. Jliscell.a.neou.s-scope rules in modul.ar programming languages 

(example CC.Nl?ASOAL, BJOLD>, MESA, .ADA, CLU etc;) :tacil.itate 

dup11cation of identifiers and procedure names. Hence, 

these names can be as suggestive as possible and can be 

duplicated as l.ong as they are not ' exp ar ted • ( CCBP ASCAL 

notation) into any other modul.e. Without this facility 

duplication of these names can ca~se severe confusions. 
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!his advantage is distinct from the advantage one gets 

out of ordinary scope rules of the programming languages 

such as Pascal, in the sence that the modules can be 

developed by different persons. 

All the above said benifits also result in another 

impar:tant advantage name1y,the cost reduction in the 

development and maintenance o::t the system, Which is of 

major importance to the commercial systems. 

The other benefits Which are subtle,nevertheless 

important,wUl be clear in our discussion about the 

structure of the modular programs and the modul.arization 

criteria.· We may not l.ist them oat expllcitill'• 

2. CONCEPTS OF MODULAR PROGRAMS 

A. STRUCTURE OF MODULAR PROGBA.MS 

t 
Choosing the right program structure can 

lead to better programs'(Joshua turner, 9). 

We shall now,discuas some useful concepts, 

analytically, regarding how the structure of the modular 

progr:ams shOUld be,in general. and what is the structure of 

our simulator_,in particular. 
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fhe goal of the structured programming is to 

produce programs that are at ones 'easy to understand t, 

reliable in Operation and are easy to maintain or extend. 

Structured coding of the individual modules can help a chi eve 

this goal, but ·~.. the structuring of the whole program into 

modules can be a much more important factor; A program 

unstructured at module level (one in which modules can 

transfer control to other modules arbitrarily} is just as 

unmanageable as a singl.e module in which IK> TO statements 

are used indiscriminantly. Although a few contributions to 

the literature offer explicit distinction between good and 

bad program structures, a number of papers describe well

structured modular programs in general way. Wirth has 

described program structures in te~s of levels of 

abstraction, Where the lower level. of structure represent 

ever increasing refinement of the higher l.evels ( Wirth.m.). 

Dijkstra has described each level as constituting an abstract 

resource or virtUal. machine providing a specific capablli ty 

to the level above it, and supported by l.evel.s bel.ow it 

('Dahl, 'Dijkstra, l-\oare structured programming 1972 1 3). 

Well-structured p rograma are moat co mmonl.y 

characterised as 'hierarchical • or tree-structured • • 
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These terms are not often well defined. But a hierarchy 

is defined informally as any program structured in levels• 

where the module on a ~iven lower level. may or may not be 

shared by the modules on the higher level.s~ The extent ot 

sharing of the modules at the lower level is impar:tant: 

it too much sharing is allowed it becomes impossible to 

separate the functions performed by one branch ot the 

hierarchy fmm the functi one performed by other branches. 

As a specific type at hierarchy, 'tree stru.ctur e' is 

defined info::anaJ.J.y as a hierarchy in which sharing is 

allowed,. In a pure tree structure, a given l.ower level. 

module may be cal.led onl.y by a single moduJ.e on the next 

higher 1 evel. See Fig. 8 • 

It is bel.ieved that far a large class of programming 

probl.ems the pure tree structure, with a few desirabl.e 

exceptions, is the best model. to choose in designing 

modular programs ( especial.ly systems programs), but it 

seems ideal for most data processing appl.ications intended 

far general purpose computers. A modUle shoul.d have 

:runctional strength. A module has functional strength if all 

of its el.ements contribute to the performam e of a singl.e 
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specific task ( You:rclon B, 11). .A. good test of llhether 

a modul.e performs a singl.e task is whether the purpose 

of the modul.e can be stated in cm.e simpl.e sentence. Far 

exampl.e the modul.e EXEC in our SIM16 is functio~J.y 

strong. Modul.e in a pure tree structure is initiated 

through _a single •main• or •root' modul.e• The root modul.e 

is responsibl.e for control. over the entire col.J.ection of 

modul.es. The modul.e DIALOG is •main • root of the simul.ator • 

.Bach of the modul.es directly caJ.J.ed by the root 

moduJ.e control.s a major branch of subtree of the program. 

For instance the modul.e SIMRUB is directl.y cal.J.ed by DIALOG 

and SIMBON forms the root of another subtree which makes 

calls to DEKODE, EXEC, MEMOBr. Each branch of subtree of 

such a tree structure is functionaJ.J.y and structural.J.y · 

separate fran the other subtrees• The moduJ.e DEKODE 

performs all. the Operations necessary to decode a singl.e 

instruction and passes the values of apcode, and addresses 

of the operands. 

A. program ha-ving a pure tree structure has severa~ 

fundamental. characteristics; first, at each l.evel., each 

motbll.e has e.xel.usive control. over the modul.es it cal.J.s. 
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And second, each branch of the program is isol.ated 1:rom 

the other branches of the eame level. This is a fundamental 

consequence of the restriction against the sharing ot lower 

level modules. 

There is one final requirement necessary to ensure 

that each branch of the tree remains isolated trom other 

branches at the same level. That requirement is called 

'loc-ality at reference'. The structure of the simu.latar 

preserves the 'local.i ty of reference'. There is no 

interaction between modules :PILEOP and SIMRUN; similarly 

no interaction between HEALS and DECODE • 

.&. program retains 1 ocali ty of reference whenever 

all coiJllilUil.ications between modules is by means of the 

parameter lists passed between a calling program and the 

modul.e it calls. Such a program may be said to be 'parameter 

driven'. Locality of reference is lost whenever modules 

are allowed to communicate by any other means, such as 

through shared stozage area. When locality of reference 

is violated, it becomes possible for one branch of the 17ree 

to interact with another branch w1 thout the knowledge of the 

higher level·modul.es which supposedly control the respective 

branches. 
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A picture of 1he design of a modular program as a 

tree structure can now be snmmarised as: 

(1) it shou.1d consist of a co1lect1on of modules 

each of which has 'functional strength'; 

( 2) there shoul.d be no sharing of modu1es between 

branches of the tree; 

(3) and program should be parameter driven i.e.,; 

1ocal1ty af reference shou1d be preserved. 

Advantages of the pure tree structurs: 

What are the advantages of such a program 

structure? ~he primary advantage of the tree structures 

has already been mentionecl. · 

As a consequence of the restriction against the 

sharillg of 1ower leve1 modules and because of the requirement 

that 1ocality of reference be preserved, the tree structure 

is ab1e to maintain a complete separation of functions 

perfomed by each branch of the tree. Bach branch performs 

its own functions, with minima1 rel.ationships to the 

functions of 1he other branches. The re1ationsh1ps among 

the elements not ·in the same· branch are minimized. These 

advantages are consistent with goal.s of • structured 
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programming'. The program. is 'easier to understand·• 

because each l.evel. of the program is structured into 

a number of separate branches. Since each branch is 

conserved exclusively with its own functions within 

the program, the chances for unwanted and unforseen 

interactions between modules are minimized, resulting 

in a finished program of 'high rel.iability' • Finally 

because of the separation of the functions within the 

program, 'maintenance is easier', sine e maintenance can 

be perfomed on any one branch of the tree, with minimal 

impact on the other branches• A aecond advantage of 

the pure tree structure, closely reJ.ates with the separation 

of the functions within the program is that such a tree 

structure reduces the complexity of the program by 

minimizing the number of interactions between the modules. 

It is sQ:id that (Aron, 12) in the worst case, a network 

structure containing a modules in which each module 

interacts with every other module is B(N-1 )/2, 01: roughly 

prOportional. to N square. In any hierarchical. structure, 

however the number of interactions will be reduced. 

The number of interactions depends directly on the extent 

of which the lower level modules are shared·· As the tree 
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structure becQD.es less 'latticelike' and more • treelike', 

the number of interactions are minimized, i.e. each 

module is called by emctly by one higher level module, 

and therefore the number of interactions is proportional. 

to B. 

How important is it to minimize the number of 

interactions between the modul.es? It is noted ( YOllrdon, 11) 

that we can expect the number of bugs in a system to 

grow as the number of interactions grows• Therefore, 

minim.izing the interactions is of great importance. 

In ou.r simulator we tried to minimi.~e the 

instera~tions between the modul.es as far as possibl.e, 

by introduction the module GLOBAL which contains some 

~re~entl.y and widel.y used data items and controls the 

access to them. 

Here, we have many things to discuss about oar 

simul.ator. Firstl.y, not all of the above said criteria are met 

:ln Ollr simulator. In :tact, in any l.arge system not all of them 

can be,' efficiently' ,met simultaneously. There have to be some 

deviations from pure tree structure (Joshua, 9) • In any 
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large s.rstem there are number of activities which are 

perfor.med separately at many different points. Where a 

particular function is required in a number of places, the 

urge is almost irresistible to code a sinsle module to 

perform that function and a1l.ow that module to be shared. 

The alternative would be to record that function wherever 

needed. Thus module sharing allows the program designer 

to reduce, the coding effort. It is tor this reason we 

allowed the sharing of the modules MEMORY, GLOBAL, and 

UTILITY. MJ.It10RY is the module which contains routines 

to access the simulated memory locations. Since at 

various pl.aces the memory access .is needed (for example1 

fo.r loading and debugging purposes in FILBOP, for trap 

and interrupt handling in RIALS, to fetch and dekode 

the instructions in SIMBDN, for execution ot instruction 

in BDO). Therefore, this module must be shared by 

the other modules at higher l.evels. Similarl.y the 

module GLOBAL. In fact, the module GLOBAL is 

introduced to follow a particular'discipl.ine namely 

'discouraging the loops or mutual interactions across the 

modul.es• ;that is, no modul.e at l.ower level should •use• a 
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modul.e at hi.gher level.. The introduction of a new modul.e 

such as GLOBAL is not a perfect remidy of 1he mutual. 

interactions in view of the data abstraction criteria 

(parnas;1). But, still. it is better than al.l.owing mutual. 

interactions or l.oops among 1he modules • 

.Another advantage of modul.e sharing is that, it 

allows us to conceal superfluous detail.s of the impl.e

mentation of a particul.ar function from higher l.evel 

modul.es which make use of that function~ If a given 

function were hard codedw~enever needed, then each module 

that reqaired tne function would have to know the details 

of its algori tbm. The possibility would arise for 

inconsistencies in implementations, as wel.l as for high 

overhead associated with maintenance to the function. 

In our simulator structure we aJ. so allowed a •loop • 

among the modu1es BEALS, MEMORY, and UNI. The modul.e 

REALS uses MEMORY to access memory locationw to serve the 

interrupts and traps. As explained in the Chapter 1 modul.es 

HBMORY and UNI do the same :1\lnction of accessing the memory 

locations but UNI contains the machine dependent features 

of the machine being simulated such as deciding about to 
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which memory b~ock the 1Jiven address be1ongs and which 

special registers are to be accessed and so on• Therefore 

UBI is used by MEMORY. The routines which access- I/0 

area memory block are contained in the module RBALS• !his 

is done because of the data abstraction criterion which is 

one of major criteria in decomposing the system into modules 

(Parnas, 1 ) • 

It is better understood if I/0 area memory access 

routines are kept in the module 1h ich simuates the real. 

time tasks because I/0 device maintenance is afterall a 

real time task1, they can enter event or interrupts 

depending on the conditions. so,ve had to choose a 

oompromization between data abstraction and mutua~ 

interaction. We have preferred data abstraction because 

of the two reasons: 

(1) This ·~oop' occurs at the~owermost subtree and 

its 'parent' modul.e. If it had been a module 

and its far off •ancestor• we would not have done 

this. (note: MEMORY and UNI can be for al.1 

practical purposes nled as a singl.e module) • 

(2) The crucial. and confusing part of the simul.ation 
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we i'elt that it is necessary to increase the 

understandability of the modules Which perform 

the real time task simulation• 

Thus, it is demonstrated through our simnlator that 

pure tree structure is not always an ideal one tor modular 

programs though the pure tree structure has many advantages 

over the alternate ones. While designing the structure oi' 

modular programs one Sl.ould never •tarce• a tree structure 

at 1he coat of the other criteria Slch as data abstraction 

aid understandability and so on. If 1:he tree structure 

•natura1ly' evolved out of the S3 stem logic it is always 

preferable. Otherwise one has to choose a proper 

compromisation. 

B • CRITERIA OF DEOOMPOSIBG SYSTEMS INTO MODULES 

So far we have been discussing the structure 

of modular programs. We have discussed what is 

an ideal structure and the advantages (why ) in 

SllCh an 1deal structure and the desirable 

exceptions to using that ideal structure. We 

hqve also discussed simultaneously how :far our 
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simulator adhered to the above said structure 

and the reasons for the deviations from that 

ideal. structure. 

We shal.l. now discuss the criteria to be used in 

decanposing the systems into modul.es and how they are met 

in our simulator. 

The effectiveness of a modilarization depends upon 

the criteria used to decomposing the system into modules 

(Parnas, 1). One of the criteria general.ly used is to 

make each major ·step in the processing a moduJ.e. According 

to this criterion we should have had, in our simulator, 

preparation for execution and instruction execution in the 

same module. .But this is not a prime criterion. The prime 

criterion would be the 'information hiding' (Parnas, 1) • 

.A.ccording to this criterion modules no longer 

correspond to steps in the processing. The instruction 

execution module EXEC, for example, is separated fran the 

module for preparation for instruction execution,SIMBUN. 

Also, the machine details of decoding an instruction,evalua

tion of Opcode and instruction address of Operands are'hidden' 

fran SIMRUN and kept in the module DEKODE. DUODE is used 
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onl.y by SIMRUN, thus, hiding the detailed information from 

the user of SIMBD.fi. 

Another example is that the simulated machine 

details of memory access such as decoding the address, 

reading f ran or wr1 ting into the specified memory blocks 

of special purpose registers are separated fran MlltORY 

module and put in the module UN!. UNI is used only by 

MEMORY,· thus hiding the machine details trom the user of 

tb.e modu1& MEMORY. Thus, the '1nforma.t1 on hiding' criterion 

is given much im:portan•e in decomposing the si.mul.ator 

modules. The reason for doing so is to achieve our goal of 

develOping a simulator which can be easi1y modified to 

imp1ement for a different configuration of the system or 

far another 16 bit machine. 

If the simulator is to be implEmented for another 

confi~rration of the system Where the instruction formats 

are changed or memory block addresses are changed then only 
/ 

the module llEKODE or UNI respectively need to be changed. 

Sim11arly, if only the instruction set differs from the 

existing machine then the· module EXBC only needs 

modification without the concern of the other modules~ 
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In addition to the general criterion that each 

module hides some design decisions or implementation 

details. we can mention one specific examples of 

decompositions which seem advisible. 
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A data structure. its internal linkages. accessing 

procedures and modifying procedures are part of single 

module. They are not shared by many modules as 1a 

conventionally done. For instance. the general purpose 

registers o'f TDC16 are declared in the module UNI so is the 

procedure to modify these contents REGSET Which takes as 

parameters the register number and the newvalue.· Similarly. 

the •trapflags• which are declared in the module GLOBAL 

are allowed to be modified fran any other module only 

by the procedure SBTTRAP declared in the GLOBAL itself. 

Final.l.y, we shall give some concluding remarks regarding 

the structure of the modular programs and the criteria 

to be used in decomposil'lg systems into modules. 

In the discussion of system structure i.t is easy 

to confuse the benefits of a good decomposition with those 

ot a hierarchical {or tree) structure. But it is argumented 

that hierarchical structure and clean decomposition are two 
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·desirable but 'independent• properties of a system 

structure. We also have demonstrated this point in 

oo.r simulator. Sometimes they may become contradictory 

to each other 1n which case one has to make a suitable 

choice as we have done in our simulator (by sacrifying 

tree structure for information hiding and understandability)4 

It is also important to design 1he system strncture liihich 

is beet suited to the logic of the program and the aims 

of the program develOpment. 
0 
cs 

For example our aim~to 

separate the simulated machine dependent parts from the 

independent parts. ~herefare, we have separated the modules 

DIALOG, SIMmJB, MEMORY, UTILTY which are 'almost' 

configur~tion independent from the other modules such as 

FILBOP, DEKODE, UBI, and EXEC respectively. 

We have also said informal.ly as a part of our 

discussion how this simulator can be modified for other 

configurrations of the same system or a class of 16 bit 

machines. 

In fact, any one vho has ever attempted 1he design 

of large system realizes the importance of having a well

defined structure - any structure - as a tool fo.r organizing 
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thinking. As Dijkstra and Hoare pointed out., the scOpe 

of the computations we are attempting to program is 

already wel.l. beyond the grasp of our unaided minds. So 

•we must organize the computations in such a way that our 

l.imited powers are sufficient to guarantee that the 

computation wil.l. establ.ish the desired effect• (Dahl, 

Dijkstra, Hoare, 13). 
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!he simula'tor SIM16 is written in CCBPASCAL 

language, a Pascal. kind of l.anguage, with additional 

features to support: 

Hodular and concurrent programming 

Type parameterization and 
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·nata abstraction facilities. The simul.at~ is 

devel.oped on DEC system 10T7 At NCSDCT-BOMBAY. Simulation 

is achieved by program code for host machine -imitating 

the behaviou.r of TDC 316 configuration. Sequential. 

simul.ation of paral.el process (CPU and devices) is done 

by time sharing. 

!he simul.ation conf~ation is: 

One central. processor 

One key board/teleprinter 

One high speed paper tape reader/punch 

One 20 mil.i second line frequency cl.ock. 

Some special. features aae: 

Effective consol.e simulation, interpretive ODT 

Easy handl.ing of simulated I/0 devices. 



W• have devel.oped the siatlator program in a 

stQwiee retmement metlt.Od~ the first two steps ol the 

refinement are l.isted .in AL&.1 • 

Initially the siau1ator was devel.oped an CDC6600 

111 BCPL laugu.age b7 V.R. PBAS.AD (PRASAD, 17). Lateron, 

thJ.s was modified into FOR~RAB COM MA.CR01 0 on DEO system 

1077 b;y V.R. PBASAD. the original. BCPL version is 

contained in five files with very strong ,interaction 

aorosa the various files. !he FOR!RAB CUM MAOR010 

vers1on (5~ of JUCB.OfO - !he assembl.y language ot DEC 

system 10) is a big monollthi.c program. 

!his BCP:L version is taken as the base and develOped 

~ther. First, the program is translated into Pascal 

again ill five different fil.es. Here the distribution o<f· 

int'ozmation into vario.ls relevant tiles becc:llles important. 

!he five modul.es are the following: 

DIALOG PASt !his tile ini tiatee dialogue 111 th the terminal 

user and processes the user commands. 'fhis also provides 

on line d.ebugg1Dg facility. !hi.s fil.e makes caUs to 

different routines decl.ared in tbe other fil.ea. fhae, 

this is a sorl of control.liDg f1le ot the 1h ole program. 
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f. SIM•PASa This file simnlates the major instruction cycle of 

the CPU. The five parallel process clock, KBD, BVEBT, 

INTERRUPT, 1AND CPU are simulated by interleaving 1n time. 

On occurrence of special commands such as hal.t, single 

instruction mode set, address break, I/O device not ready 

end-of-file on ASCII file; control is returned to DIALOG 

to accept the user commands. 

This file declares the data structures 

required far unibus simulation and defines variou.s access 

rules. !he data structures include 56K bytes of TD016 

core memory ( 14K words of DEC system 10 memory), cpu 

registers and relavant device registers. This file also 

defines some miscellaneous routines for var1ou.s Operations 

on memory word/byte. 

IIJN •PAS: !his file is used by SIM for the interpretation 

of a single instruction. This file contains the routines 

to find the effective address of 1he operands taking the 

mode and register number as inputs; to decode the supplied 

!D0:516 instruction and producing the mapped opcode as value. 

And finally,a routing to fetch and decode the instruction, 

to find the source and destination Operands. 



:p:CUfB•PA§t this til.e defines a alngl.e rou.tine which doea 

the actual execution of the decoded instrnction. All the 

in:tormatiQJl requirGd oy thi.s :CO\ltine is Sllpplied throa.gh 

gl.obal. vuiabl.es. 

£ROG1WI DEVBLOPJ.lElft 

fhe program is, then, converted into CCBPASOA.L 

l.anguage. At this point major shuffling of the infomation 

1D varioo.s moelul.es is done to suit to 

( 1 ) the aims at the design 

( 2} · ideal structure ( bi.erarchice.l) of the modular 

programs and 

(3) the standard criteria to decompose the system 

into modu:tes. 

!'irstly to cleveJ.op the CONPASCAL modul.ar version 

we fixed the •context• of eaah module (see appendix 1 for 

OCBP.lSO.U, descri.ption) • In fact, from our experience we 

al.so advocate the programmers to fix up the context of the 

each mod;ul.e :t'irst before coding any l.uge system. !his can 

be clone onl.y ~ter having a cl.ear idea ab0l1t the over all. 

system design. ~his is the most omoial. part of 1:he vhol.e 

ayet• design, :tor, this is the stage at which the 
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structure of the program is defined and fixed. The 

designing aspects of the simul.ator program are described 

bel.ow with reference to the five pascal. fiJ.es described 

above. 

DIALOG•PAS: This flle is spJ.it up into two modul.es: 

DIALOG and FILEOP. 

The moduJ.e DIALOG nov, contains onJ.y the procedures 

to interact with the terminal user, to initia1ize the 

systan, to initiate loading of the test program, to 

initiate on-J.ine interpretive debugging, and start with 

the simul.ation process and finalJ.y to provide the summary 

of the simulation process. 

The modul.e FILEOP contains the routines to operate 

on the files, such as l.oading the test file and dumping the 

binary flle into a user specified fil.e. 

The reason :tor above spl.itting is to hide the detflile 

of fil.e operations which are dependent on the configuration 

of both TDC16 and DEC system10 from the user ot the module 

DIALOG. This makes DIALOG configuration independent and 

thus, paving our way in the direction of fulfil.J.ing our 

objective. 

t ~ ... 



8IM·PASt !his is one of 1he modules lhich is shu:tf~ed 

thorou.gbl.y. The rou.tines 'Which perform the rea~time tasks 

such as entering into an event and interrupt, serving 

them, doing trap actions and simulating I/0 devices, are 

now put in the module ca~led REALS• 

This module REALS a~so contains the routines to 

read and wr1 te from I/0 area memory block. These routines 

were pre'Viou.~y residing in UNIBUS.PAS fi~e. 

The reason for this distribution is the data 

abstraction criterion. All the information which is 

concerned with the real time tasks is put in one modu~e. 

The main program in the original file SIM.PAS which 

carried over the main process of simulation (which resumb~es 

the algorithm 1 version 2 given above}, along w1 th the main 

program of the original·fi~e RUN.PAS which is responsible 

for the interpretation of a single instruction, are clubbed 

into one modul.e cal~ed SIMBON. 

The reason is primarily information hiding 

criterion. The details of the real time process is 

separated from the user who initiates those real time 
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process. !his modu~e is aJ.so .to a goOd extent4 configurat1on 

independen:t, because the details of decoding an instruction 

to find apcode and operand address are no longer visibl.e to 

the user of SIMRUN. (they are kept in the modue DBKODE), 

which is the key module for simulation. 

J.WN .PAS: This, as we have discussed Just in the 

~' paragraph, lJiees its identity by getting distributed 

into the modules SDIRUN and DEKODE. !he module DEIODB 

consists of the routines which decode the instruction to 

give apcode and the routines to find the address of the 

Operands. 

UNIBUS.PASa !his module, now, apli t up into two modules: 

MEMORY and UNI. U.NI is the module which actually contains 

the routines to decode the given address to find out to 

which block it refers and to do the reading and writing 

Operations on words and bytes. This is strongl.y dependent 

on the simulated machine TD0,16. The other module MEMORY 

contains routines to initiate the reading and writing 

operations on words/bytes of memory blocks such as 

simu~ated core,OPU and I/0 devices. This contains no 

details of the simulated machine structure. 
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!he reason is al1 the other modu1es which access 

the read write operations wU1 access on1y Mli!ORY. The 

machine structure details are 'hidden• in the module UNI. 

The module UNI is used onl.y by MEMORY. 

Thus, this sp11tting is done ~or two important 

reasons: 

{1) The information hiding criterion and 

( 2) Most re1avant to us is, separating machine 

dependent and the independent parts. 

!here is a 'loop • among the modul.es .REALS, UNI 

and MEMORY. 'lhe reasons f'c:r ~lowing this • loop • are 

discussed in the previous chapters. 

EXOUTE.U§.!_ This is the module llhich almost retained 1 ts 

original fom. .No major mod1~1cat1. one are made except 

that the access to the variables decalared outside this 

module is dme thrOllgh procedures dec1ared in respective 

modules• 

Apart :from these modules we have two more modules 

GLOBAL and UT ILTY. 
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GLOBAL: !his module contains some widely used data items 

and procedures to modify these data items. The module 

GLOBAL is introduced to reduce the • strength of interaction' 

between various modules. 

This technique may not be in accordance with the 

data abstraction criterion that the related items should 

be grouped together. Nevertheless , this is introduced to 

reduce the mutual interaction among the variQls modules. 

Without the introduction of this module it wruld have been 

quite problamitic for having a 'clean structure' for the 

program. 

The module UTILTY contains miscellaneoa.s roa.t:lnes 

to perfom various operations on memory words which are not 

generally available as library routines in higher level 

languages. Some examples are: accessing any portion of a 

given word including a single bit;and ror logical AND 

ing/OR ing operations of two words; logical shifting and 

extending ana bit byte or 16 bit word to form a full '6 bit 

(DEC system 10) word and so on. This module is purely 

configuration independent and can be used for all 16 bit 

word, 8 bit byte oriented computer systems. This module 
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along with the moduJ.es MEMORY and GLOBAL is used throughou.t 

the program by all. modul.es. 

!rhus, sharing of the l.ower level modul.es b·y the 

higher level. ones is al.l.owed in oa.r program structure for 

obvioa.s reasons. 

This finishes the description of the design and 

development of the simulator program. 

PART B: 

PROBL»iS ENCOUNTERED IB mE DESIGN AND DEVELoPMENT : 

Let us now dJ.scusa the probl.ems we have enoou.ntered 

in the design and devel.opment process of the simulator. We 

al.ao discuss how we have overcome the probl.ems encountered. 

The first problem that is mcount ered is right at 

the design stage, in fixing up the •context• of each moduJ.e. 

The problem is that what data 1 tems are to be kept in which 

modul.e. Raking a decision about this was critical. In 

general. there are many crJ:teria for decomposing the systems 

into modul.es (Parnas D.L.). But the probl.em. is which 

criterion is to be more important than the others. 

Ve have anaJ.ysed the information very careful.ly and 

decided which are the data items that are related to the 
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information to be contained in that module. At times i.t 

was • tug of war' between two modul.es (may be, three modul.es). 

For instance., the variables SRC (source Operand) DSTADD 

(destination address) are • equally' relavant to the modules 

DEKODB, SDtliJii and EXEC. 

The diciplene we have followed to make decision 

abou.t the distribution of information is that if module 

A uses the module B then the data itans which are required 

by both the modules are kept in the lower level. modul.e, 

that is module B. With that choice the above variables are 

kept in EXEC. 

!he other problem is al.so at the design stage. In 

tact, this problan was much more severe than the above 

problem. 

!here are certain data items such as TRAPFLAG s: 

MODE s of the device operations RBGMODB, SP.MODB (STACK 

pointer mode), HSBMODB and HSPMODB; REALTIMB (which is used 

to keep track of the actual execution time on the simulated 

machine TDC316); the boolean variables which keep track of 

the running of the simulation process such as RU.NMODE, 

HALT~AG, WAIT: which are very widely used throughoa.t the 
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program. ~hese variables were causing mutual. interaction 

across various modules. 

We have overcome this prob~em by identifying Sll.Ch 

data 1 tems widely used, fraD. the whole progra~~nd 

grouping them together in one module called GLOBAL. 

This module is shared by aJ.l. the other modul.es (except 

FILK>P) and the problem is solved l! 

But for these problems ,the design of the system 

vas fairly smooth • 

Another aspect worth mentioning here is the , 

following. We have fi:z:ed the •context• of all the modules 

first, and then fllled in the code. The reason is that 

when there is any mutual interaction between two modul.es 

problem is which module is to be built first? This problem 

is well-solved by fixing up the context of both the modules. 

that is, the items that are exp4lrted out from each module. 

Then, when the code body is filled in,there will not be 

undefined variables e:z:isting in both the modules. 

SECTION 2. 

As we have been mentioning thronght, our aim is to 
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develop a • flexible' simulator which can be implemented 

far a number of systems/configurations • easily' with little 

modifications. That was one of our main criteria in 

designing the structure and decompositing the system into 

modules. 

We shall. describe now how our simulator can be 

implemented for some other configurations of TDC 316 or 

a class of 16 bit machines. 

We emphasize one point that this simulator can be 

used to simulate TDC 316 like machines, the systems having 

16 bit word length and 8 bit byte addressible systems. 

Any other type which is drasticall.y different from TDC 316 

system may be difficult to be implemented~ There are a 

number mini and micro computers which are commonly used. 

For instance, PDP 11 series, MOTOBOLA 6800, Z 80, INTEL 8085 

-TEXAS TMS 9900, HP 2100 are some systems which are popular 

-16 bit machines. 

Firstly the system/configuration independent 

. modules are identified to be DIALOG, UTILTY, MEMORY, to a 

great extent SIIllllJN. The machine dependent modules are 

FILEOP, REALS, DEKOD E, UNI and EXEC. 
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Bormal.l.y!>for 16 bit systems the instruction length 

are 8( for byte instruct! on) and 16( for word, instructions). 
I 

Therefore, the modul.e FILBOP does not need much modification. 
I 

The module BEALS needs major changes especially 

tor the routines IODOBB, IOREAD, and IORITB. Since the 

modul.e DEKODB involves the instruction formate of the 

particul.ar system, this module needs to be changed,. greatl.y 

or perhaps complete replacement is needed. 

Simil.arl.y the module UNI invol.ves absol.ute address 

of different memory bl.ocks. This needs major changes or 

even compl.e te repl.ac ement. 

In the module EXEC, the major function is the 

execution of the instructions. !hough 1h is modul.e is 

dependent. on the system heavil.y, most of the instruction 

are canmon to many systems. In development of this module 

we have used mostly the routines that declared in other 

modu1es. The advantage is that not too many machine 

dependent :features are invol.ved in executing most of the 

instructions. 

But, the instructions that are system dependent 

are to be changed. Apart from this, the enumeration type 
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!lPEOFCODE also needs to be ch8Zlged. 

There :l.s one po:Lnt wh:l.ch. the person who replaces 

the e::z::l.sting module :La to be careful. about. The exported 

declarat:l.ons should be treated with great care :l.n 

mod:l.f:J.oat:Lona or replacements or else :l.nconsistencies in 

types of the declarations or the parameters in procedures 

or functions m:l.ght cropup. 

Best th:l.ng :I.e to study the module( s) which uses 

the module being modif:l.ed and then make the mod:l.f:l.catione. 

Since there :I.e smooth interact:Lon across var:l.ous 

modules and understandabil:l. ty is one of the main cri ter:l.a 

of modul.arizat:Lon, the log:l.c at the program can be well 

understood, and hence not much diff:l.culty in making 

mod:l.f:l.cations to the modules :J.a expected. 
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§UMMARY AND C OBOLUSIOJrS 

We shall now~briefl.y summarize what has been said 

in the above chapters. 

Objective of the dissertation is to.carryout an 

experiment using modular programming w1 th a particular 

goal of developing an easily modifiable software system. 

As an instance, we have taken 1he task of modulariziDg a 

semulator tor computer system TD0316 Which was already 

developed as a big single monol.i thic program. Modul.arization 

of this program is carried ou.t to make 1 t more 'flexibl.e' 

i.e., to facilitate its implementation for a number of 

different confi~rations/systems. 

The design strategy ad~ted in modul.arizing the 

siumlator is to separate the simul.ated machine dependent 

and independent parts of the program. 

The structure of the modular simul.ator is maintained 

almost hierarchical.; 'information hiding' and understandabili~ 

criteria are given preference in the decomposition of the 

system into modu.les. This makes the sb.nulator 'flexible' 

by all.owiDg easy modifications of the modu.les more or .less 

independent of the other modul.es. The simul.ator now,is 

a sort of 'general. system• in the sence that the rep&.tition 



ot certain tasks of simulation, when implementing the same 

program for other computer systems/configurations, is 

eliminated by the separation of simulated machine, 

dependst and independent parte. Therefore, to simulate 

a different system/configuration, only the machine dependent 

modules need to be modified/replaced. 

The simulator is devel.oped into ten CCNPASOAL 

modules. !hey are: 

1 • DIALOG 

2. FILBOP 

'· DBKODE 

4· SDUIJJl 

5· RiALS 

6. MlltORY 

7. UBI 

a. GLOBAL 

9· U!IL'fY 

10. BXBC 

We have identified the system/cc:nfiguration 

independent modules as DIALOG, U'fiL'fY, MEMORY and to a 

good extend SDIRlJB. some of the remaining also need to 
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be changed on~y partial.~y to imp~ement the program to a 

new configuration. 

One of the important problems we have encountered was 

at the design stage. There are certain data items which 

are wide~y used throughout the simul.ator program. These 

items were causing 'strong' interaction across different 

modu~es. This problem was overcome by grouping such w14e~y 

used data in one modul.e and allowing it to be shared by the 

other modules. 

We su.ggest the programmers to foll.ow the modulari~ation 

methodology in developing l.arge s,ysteme in view of its 

tremendous advantages. The structure should be as close to 

•treellke' structure as possible. But one should never 

• force• a tree structure to the program by sacrifying many 

other important criteria in decomposing system into modules. 

There may not be universal criteria in such 

decomposition, but among the main criteria (discussed 

earlier) • one should select appropriate ones which suit to 

the aims and goals of their project. Some times it aay 

necessary to form one's own criteria for decomposition 

depending on the needs and necessities. 
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Onoe again we emphasize 1be point that ou.r 

simul.ator can work well for only 16 bit com.pu ter BY" stems. 

Jn7 system which is cirastically d1 fferent :t.rom. !DC 31 6 

system -necess1 tates drastic changes in the SlX16. In any 

case post cievel.Opmental. modifications to this stmulatGI:' 

can be easil.y carrie4 ou:t. 

We final~y end thi.s dissertation by quoting 

B.W. D1jkstra: 

'In com.puter programming our basic buil.ding bl.ook 

has au associated t 1me grain of l.ess than a micro secca.d, 

but our programs may take hours of computer time. I do not 

know of any other technol.ogy covering a rat1o of 1 o power 10 

or more: the computer by virtue of 1 ts fantastic speeds, 

eess to be first to provide ue w1 th an enviro:nm.ent~ where 

hishl.y hierarchical. artifacts are both possibl.e and necessary.! 

fhis chal.lenge, vis, the confrontation with the programming 

task 1s so unique that this novel. experience can teach us a 

lot about 1 011reel.ves•. It shOtlld deepen oar understanding 
-

of the process ot desip aud creation; it sh011ld give us 

control over the task of organizing our thoughts. It it 

did not do so, to my taste we dlou.ld not; deserve the 

CQDputers at all ll 
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It has already tou.ght us a few lessons, and the one 

I have chosen to stress (in this talk) is the following. 

We shall do much better programming job, provided that we 

approach 1he task with a ful.l. appreciation of its 

tremendous difficulty, provided that we stick to modest 

and e1egent programming 1anguages, provided that we respect 

the intrinsic limiaations of the human mind and approac.h the 

task as VBRY m.JMBLI PROGRAMMERS.' 
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APPBIDIX 1 

MODULAR FEATURES OF THB CCliPASCAL 

OOBPASCAL has been designed to support ease 

in program develOpment, understandability and modifiability. 

We will present here a brief note on the modular features 

of the language CO.NPASCAL. The syntax of the langttage is 

more or less similar to that of Pasca1. However, for the 

details of the CCNPASCAL syntax and semantics technical 

report on OCNPASOAL (V.R. Prasad, 15) may be referred to. 

The 'unit' of compilation in OONPASOAL is either 

a module or a program. A software system may contain 

severa1 separately compiled units ~ich, when intefaced 

using contexts, behave as if they were al.l compiled 

together. 

~ MODULE STRUCTURJ 

A module is a collection of declarations and is a 

unit for compilation. 

S:ynta:x 

<Jnodu1e> ::=module (modu1e-id) [(unit-import)] 

\.~nit-include)] •; • [ <decl-seq)] .!!!S. 

(module-id> ".• 
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~odu~e-14> 1 := (identifier) 

(decl-seq) ::• t_•;n zdeclaration'>} l.";•J 

<declaration) ::= ~ontert-decJ,> 1 <.const-decl) 

(type-decl) ' .(_ var-decl) 

zroutine-decl) 

• • 

• • 

module IODRIVER import DEVOXT = 'DSXC: DBVIOB.CXT'; 
. 

tu e export BUFTYPE • array U •• 1 28] ,2! integer; 

procedure export DOIO{ CHANNEL: cap; :!!£ BUF:BUFTYPE); 

begin ••• .!mA. DOI 0; 

function export STATUS(OHAHNEL:cap) return boolean; 

begin ••• ~ STATUS; 

~ IODRIVER. 

Semantics 

A modul.e must be given a name (denoted by <module-id)) 

that may be used by the implementation. A module definition 

may specify a unit-import clause (explained in section A.3) 

to be able to use precompiled units. A module may specify 



aUDit-include clause (also explained in section A.3) to 

effellt textual inclusion of other units before 1 t is 

compiled. 

A. 2 QONTEX!J!S 

The designer of a module may want to provide different 

views of a .modul.e to different users. A context represents 

a particular view to a module by abstracting the specification~ 

of the items that provide the view. Fer convenience, every 

modu1e is associated with an implicitly declared context, 

called the 'implicit-context•. The implicit-context is 

identified by the module-id and collects together the 

specifications of all • export declarations' (.An 'export 

declaration• is one of a const, .!;m.!, .D.£• procedure of 

function declaration in which the identifier being declared 

is prefixed by the keyword expor~) appearing in the Olltermost 

level of the module definition. Compilation of a module 

also generates a context corresponding to each explicit 

context declaration (see section A.5) appearing in the 

module. 

Thus far, the term 'specification' has been used in 

an informal sense. In general, the specification of a module 



consists of all the infomation necessary to use the 

module correctl.y. It is upto the implementer to decide 

what a specification should actually consist ot. 

For example, the imp11cit-context corresponding 

to the module IODRIVER of the previous section may be 

encoded (in a particular implementation) as follows: 

context IODRIVER; 

tne BUFTYPB = array \:.1 •• 128) 9! integer; 

procedure DOIO( OHANN.BL:Cap; D.£ BUF:BUFTYPE); 

function STA1US( OHABNBL:cap) return boolean; 

end IODRIVBR. -
Impl.ementation of contexts is not defined by the 

language• For implementations supported by a fil:ing I:V'stem, 

a context may be implemented as a file • This has the 

advantage that protecti.on on contexts can be implemented 

as protection on files. To simplify understanding it is 

assumed that a context is implemented as a file and follved 

the convention that the implicit-context correspondirJg to a 

module M is represented as the file •x.on• •. 

A., UNIT IMPORT and INCLUDE 

.A unit-import clause specifies a list of contexts 
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that are aported into a modul.e before it is compil.ed • 

.A. uni t-incl.ude cl.ause l.ists names of modul.es (or programs) 

that must be tertuaJ.l.y incl.uded in a modul.e before 1 t is 

compil.ed. 

Smtax 

(unit-import) :==import i_•;• dmport-context) ~ 

.Qlni t-include /: : = include i_", " <(soarce-uni t ~ 

4mport-context) : := (context-id> L!'=" <_striDg)J 

(source-unit> : := <.uni t-id) l!'=" <_string)] 

(uni t-id): s= <modul.e-id) t <:program-id) 

.Bxampl.eg 

import MYCXT 

incl.ude ARITHPACK 

import DEVCXT•'DSKC:D,EVICB.CXT' 

incl.ude ARITHPACK='SYS:ARI~H.PAS' 

Semantics 

A unit-import cl.ause is a 11st of l.ogical. import

contexts, each one optional.l.y associated with its physical. 
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representation denoted by a string whose interpretation 

is implementation dependent. If the physical representation 

is absent for an import-context, the compiler must assign 

the default representation (The default representation may 

be a fil.e-name derived from the l.ogical name) • A unit-include 

clause is syntactica.J.ly silliilar to a unit-import clause 

except that it l.ists names of CCNPASCAL source modules. 

Importing a context makes its 1 tems available for use in 

the importing module, and the compil.er ensures that they 

are used according to the specifications. Incl.uding a 

OCNPASCAL 'source module has the effect of tertuall.y 

inserting the source module. A modul.e is a closed scOpe 

and hence references to items that are either imported or 

incl.uded must be prefixed by the corresponding context or 

modul.e name (separated by a period "•"). 

steps: 

The process of compil.ing a modul.e M has the following 

1. Compile each import-context in the specified 

order and add its identifiers to the symbol. tabl.e·. 

2. Compile each included source-un1 t in the specified 

order and add its exp~ted identifiers to the 

symbol. tabl.e. 
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3. Compile the module M. 

The imported contexts, the included source-unite 

and the module M fo1"Dl a single scOpe level. An import

context or an included source-unit need not be self

sufficient regarding the identifiers 1 t refers to. However, 

duriDg compilation, each identifier that is referenced 

must be available in the symbol table. Any reference from 

a unit to an identifier declared in some other unit must 

be qualified by the mme of the unit (separated by a period). 

A.4 PROGRAMS 

A. program is a specia1 kind of module that can be 

called (invoked) for execution. A program definition may 

sp eoify a iist of formal parameters, actuals for which 

must be supplied when the program is·called. 

§mtax 

<:program) : := program (Program-id> <tormal-program-parm;: 

~nit-import) [(unit-include>] ["J"] 

[<(decl-seq)] (code-body> (program-id)"• • 

<?rogram-id)::• (identifie~ 

<tormal-program-param) : : = [ <(tormal.-par-11 at >J 



z._code-body): z• begin 'l_zstmt-seq)J !E 

~stmt-seq) ::= ~;• .(statement)j \..";"1 
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.(call-stmt> : := 2!1::! <Jrogram-id> <.actual-program-param.>l 

(actual-program-param) : :•\:: <actual-par-list)] 

j:mmpleg 

Rrogram PASCAL(DPU!,OUTPUT,LISTING:FILB) ynport 

FILESYS; i_ declarations j . 

bedn 

~code for 'the Pascal compil.er J 
end P .ASOAL. 

program. USBR import PASCAL; 

befd.n ,. 
call PASOAL(SOUBOB,BIN.ARY,LIST); 

end USER. -
Semanticg 

A program is a collection of data and procedure 

declarations and a main code-body. It must be given a 

name (denoted by (program-id> that may be used by the 
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imp~ementation. The main difference between a program 

and a modul.e is that a program is an entity f'or 1nvocatiOJ1 

vhil.e a modul.e is not. 

A program definition may specify a ~1st_ of' formal. 

parameters (denoted by (tormal.-program-para.tY ) , actual.s 

for which must be suppl.ied when the program is called. 

A program is caJ.l.ed by executing a ~ statement on its 

(program-id) and passing a l.ist of actual parameters . 
(denoted by (actual.-program-param) ) which must be 

equi val.ent to the corresponding (tormal.-program-param) 

A program cal.~ must be imp~emented as a sequential. control. 

transfer (and not as a process invocation). A program can 

be cal.~ed any number of times and the impl.ementati an must 

ensu.re that different executions of the program are 

indep en dent. 

A program cannot export any of 1 ts variabl.e or routine 

identifiers. However, it may export constant or type 

identifiers. Bach program is associated W1 th an impl.ici t

contert identified by the <program-i4) • Compi~ation of a 

program al.so generates a context corre~onding to each 

expl.icit context decl.aration appearing in the program text. 
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However, a program can be referenced from outside on~y 

thrO\lgb. its impllcit-context or by direct~y inc~uding the 

program text • 

.1.5 CONTEXT DEOLARATIOBS 

Whi~e the imp~ici t-contert for a module co~~ects the 

specifications of al~ exported identifiers, it is al.so 

possib~e to co~~ect into a context the specifications of 

a selected set of identifiers with possible restrictions 

on their access-rights. !his is done tb.roagh the use of 

a context d ec~aration. 

S]ntax 

.(context-dec1) u• context <c.ontext-id) ( "; "J 

[\";"<context-item) L"J"JJ 

sg, (oontext-id) 

~ontext-id) 1 :=(.identifier) 

<:context-item)::= const ":" -i_","(.intertace-const)j: 

tne ":" i"•" (interface-type>J : 

!:E ":" -\_", • <intertace-var>} : 

procedure ":" -t._"," (interface-proc>} 

function":" {."," (_interface-func>J 
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(interface-a onst) :: =t (identifi er)tt•" J.(c onst-id) • t 

¢-dentifier)"•" <_const-access) 

<,interface-type) • :=ts:.identifier)"• .. ](type-id> 

<_access-rights> • • 
.(identi:fi.e~ "•" (type-access> 

(1nterface-var) : : = [(identifier) "=~-id). 

L. .(access-rights>] f 

<(identi.f'i.er > "=" .(variable.) 

(.interface-proc): :=[(identifier) "="~roc-id> J 

.(identifier) "=" <proe-access) 

(interfaoe-~unc): := (identifier) .. =" (.func-id__) : 

(.:ldentUier> "=" (func-accees> 

B:mmple 

The tollow~ng is ·a context declaration that ezparts 

the same i.teme as the ·implicit-context IODRIVBR of 

sec t1 on J.. 21 

context IOOHANBBLJ 

tne: BJF'llPB; 
procedure: DOIO; 

function: STATUS; 

end IOCHANNBL; -
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It may be noted that this is a context decl.arati on~ 

whil.e the one in section A.2 is a generated context whose 

encoding may be implementation dependent. 

A view to the module IODRIVER which allows onl.y the 

testing of an input/output channel. but which does not al.low 

actual input/output operations may be exported by decl.aring 

the following ( expl.icit) context in the modul.e IODBIVER: 

!'onterl IOSTATUS; 

tunc~a STATUS; 

sa IOSTATIJS; 

Semantics 

A cont erl declaration can appear on1y in the outermost 

block of a compilation unit. When a unit is compi~ed, 

corresponding to each context declaration a uut• When a unit 

is compiled, corresponding to each context declaration a 

context is generated consisting of the specifications ot 

all. identifiers listed in it.. However, users of the 

generated context will. have no information about its 

'parent • un1 t.· Bach item exported in a context declaration 

can optionally be renamecl (the new name is denoted by 

(identifier) in the syntax, and can possibly be the same 
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as the ol.d name). When renamed, 'the specification of 'the 

1 t• contains the new name but not the ol.d name • 

Identifiers l.isted in a context decl.aration must 

be categorized as constants, types, variabl.es, procedures 

or functions. They must either be formall.y decl.ared 

(their decl.arations need not textu.al.l.y precede the context 

declaration) in the outermost bl.ock of the compil.a.tion 

unit or be imported into it from other contexts. In either 

case, the categorization of an identifier in a context 

declaration must .correspond to its actual definition • 

.In item denoting a type cz a variabl.e can Optional.l.y 

specify an access-rights fiel.d in which case the specification 

of the identi.fier in the generated context provides for onl.y 

those access-ri.ghts,. If an item i.s an indexed' array, each 

array index must be a <(constant) • The generated context 

is named after the ~on text-id) used in the context 

decl.aration. 

A 4sCil tert-id) cannot be used in more than one context 

declaration. Optionall.y, a (modul.e-14> or (program-id.) 

itsel.f may be used as a (conterl-id) in a context declaration. 

When used, the resulting context i.s merel.y appended to the 
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impl.icit-oontext. This feature is usefUl in re-exporting 

through the implioi t-context some of the identi1'1ers that 

are imported (or included) into the compilation unit. 
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.APPENDIX 2 

INSTRUCTIONS FOR USB 

The simulator is mainly meant for interactive 

users, who can run the simul.ator by the command: 

.R SIM16 CR 

The simulator identifies itself and canes with 

the prompt character '-# t, ready to accept user commands 

at the Character level. A detailed description of the 

simulator commands is given in the following pages. 

Responses from the simulator (other than the prompt 

character) are underlined. 

It n (an octal number) 3-s non-null. inserts a 
. 

break %or the address n. A.tmost 8 address-breaks are 

allowed. Address-breaks for references in an instru.cti on 

are signalled only after the execution o:t the instruction. 

If a is null, removes all address-breaks. 

!he status of the n th (only the rightmost digit 
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considered) address-break is di.spl.ayed. The n th address

break is free if the status is 777777J else the status g1 vee 

the address where the break was inserted. By det"aul.t, n-o. 

RemoYes the n th address-break, if it exists. 

By de:tau~t, n-0. 

U n is non-nul~, inserts a break for the 

instruction at PO va~ue n. Atmost 8 instruction-breaks 

are al.l.owecl. Instruction-breaks are signal.l.ed before the 

execution of the instruction. 

If n is null, removes al.l. instruction-breaks. 

_J:f I DB 

!he status of the n th instruction-break is 

displayed. !he n th instruction-break is :tree if the 

status is 777177; else the status gives the address where 

the break vas inserted. By default, n-0. 
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Removes the n th instruction-break, if it 

exists. By detaul. t, n•O. 

Does the function of the continue-alii tch on 

the console. Brings the terminal into BOECHO-mode and 

continues execution from the current PC value. 

#IIDn OR 

If n is non-null, dumps memory from octal 

address m to n (both inclusive) onto the current HSP-file 

in absolute binary format as one block. Any number of 

bloC?kB can be dumped onto the same HSP-file one after the 

other. 

If n is null, dumps a transfer-block with m as 

the starting address and the current HSP-flle is closed. 

Closes any existing HSB/HSP-files. If n is 

non-null, types out instruction - counts for all TD<:-316 

instructions. In any case, types out the simulated time 

and the simul.ator-time in milli-seconds, and aJ.so the total 
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number of instructions executed and the average execution 

time per inwtruction. ~nally, en ts from the simu1ator. 

# DG 

Does the function of the start-switch on the 

console (bu~ does not automaticall7 initialize the system). 

Brings the terminal into HOBCHo-mode and starts execution .. 
from octal address n (instead of loading PO from sw1 tch

register). B7 default, n=O. 

#I 

Does the function o:t the co~sole &nit. Brings 

the system to the power-on state. Initializes all trap

conditions, real-time, device registers, CPU status and 

stack•limit registers, event and inter~pt queues and 

ODT status. 

File: dev : file. ert £'ppnJ qrot> 

Loads the specified absolute binary fil.e into 

the simul.ated-core. Starti:ag address, as specified by the 

transfer-block, is loaded into PO. Any number of files can 

be loaded with successive I.-commands. 
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If n is non-null, takes n as the new mask 

tor word search. 

If n is null, displays the current mask value • 

:tl= • 

If the system was in the single instruction 

mode, brings it into the normal. mode. Otherwise it has 

no effect. 

# p Files dev : file • ext C ppn J .c(prot) 

Oreates a binary HSP-file w1 th the given name. 

If a flle with that name already exists and is not write

protected, that file is over-written. Only one BSP-file 

oan be created at a time. When a new file is created any 

old output fil.e is automatioaJ.ly cl.osed. HSI?-files are 

not saved unless they are closed. B-command closes any 

existing HSP-file• 

# oP File: dey : file • ezt r ppnJ 

Creates an ASOII HSP-file with the given name. 

Rules are same as for binary fil.es. 
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# B. Fil.e 1 dev : file • ert C ppnJ 

Opens the specified binary HSR-file. Only one 

HSR-fil.e can be kept open at any time. When a new fil.e is 

opened, any ol.d file that is open is automatically cfosed. 

If the specified file is not accessible, error ie signalled 

to the user. An HSR-file need not be closed for it to be 

saved. However, B-canm.and c1oses any existing HSR-fil.e. 

# OB. Fil.e: · dev : fil.e .. ext .C ppa_l Grot'> 

Opens the specified ASCII RSR-fil.e. Ru.les are 

same as for binary fil.es • 

.# s 

!rhis simul.ates the ·single-instruction mode 

swi.tch on the console. If the system was in the normal 

mode, brings it into 1he singl.e-instructi_on mode. Otherwise, 

it has no effect. In the singl.e-instmction-mode, execution 

of an instruction causes a status dump onto the user's 

terminal. The status consists of: 

Bemnic : BRASS mnemonic for the instmcti on 

POval. : address of the instmcti on 
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Instr : the instruction itself 

SOa.rce: source Operand( zero if none) 

DstAdd: destination address(zero if none) 

KQval. • KQ-register value • 

SPval. : stack-pointer val.ue 

PSvaJ. : CPU status 

SO val. • shift-counter value • 

Instruction-break, address-break, hal.t ~d wait 

are not Operative in the singl.e-instruction-mode. 

T7Pee-out the simul.ated-time el.asped since the 

last T-command in ~he fom.at, hrs : mts : sec : msecs. 

# DV 

I 

Searches the memory for the word n after 

masking with word-search-mast. If the search is successful, 

address and contents of the wol.'d are typed-out in the format 

address •/• contents. In case the search fails, it is 

signal.l.ed to 1he user. By default, n-o. 

Opens the word or byte addressed by m. It wil.l. 
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be cl.ear from the context whether the currentl.y opened 

l.ocation is a word or byte. When J.ocation m is opened 

its contents are typed and the system awaits user 

response. The user may open another l.ocation or he may 

type-in an octal. value n fol.l.oved by a special. character. 

If n is non-nul, the location m is modified with 

n. The special. character can be one of 1he fol.lowing: 

I reopen the last word Opened 

reopen the last byte opened 

LJ' open the fol.lowing l.ocati on 

CR cl.ose the opened l.ocati on 

( /\) open the previous l.ocation 

(under)open the relativel.y addressed word score 
(illegal. for bytes) 

0 open the absol.utel.y addressed word 

(il.l.egal. tor bytes) 

open the Cw~ril·;t_o)wh1ch the branch refers 

( il.l.egal. for bytes) 

open the nert J.ocati on of previou.s sequence 
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Any time the sinmlated CPU is active, it can 

be halted by typi:ng-in contro1 X from the KED. Whenever 

the control is given to the user, the terminal is restored 

to ECHO-mode. 

A list of TDC-~6 register address is 

g1 ven below: 

RO: 171740 R4a 177750 

R1: 177742 R5: 177752 

R2: 177744 R6: 177754 

IG: 177746 R7: 177758 

Program status word : 177700 

SWitch - Register : 177702 

Stack-Limit Register 1 177704 

Shift Counter • 177734 • 

MQ Register • 177736 • 

BBR Status I 1771;60 liSR Buffer • 177662 • 

liSP Status • 177664 HSP Buffer • 177666 • • 

KBD Status • t77670 KBD Buffer • 177672 • • 

TTY Status I 177674 TTY Buffer • 177676 • 

CLI: Status • 177310 • 





00200 
0030f' 
004\Jl~, 

00s0"' 
0060{~ 
007e.(1 
00800 
0090~3 



~ #.'-? ~ ~r'i - '..... -- •. --

INCLUDE ·r.~EJ~OPY; 
VAR CLKST/1, TUS ~ 1!-TEGF.:R 
VAR KBD})'I'ATUSf!LTEGt;R 
VAR HSRSTATUS~INTEGER: 
VAR HSPSTA'l'USilli!f:Gr:R; 
V\R TTYSmAT!i~;J~T~GPq· ('>': .,._, .lt\-""w<b..l,,,•--.J~~,;..;.t·;_ 

VAR KBDI:H1Fi1N1'8GER; " 
A-n u Rf< fr··r~·-'"rJ:·r: V·_ !' r•s ·-::-·LH ~ ··rr~-.:l ·1:1 

VAR HSPBUP•INT~G~R~ ,. •. . . t..w _..-~- I 

VAR TTYB!Jf: lN'I'EGEH r 
VAR KBDtH~itHAR; ." 
C~NS'r HlWPHTY; 1; 
Co t, C'l' H.;:PPPT·'-'-1 - !'\' ~ z ....,. ... ,·\ ! - +_ f 
CoNST r.B.DPHTY= 1; 
CONS~: T'l:YfJRT¥= 1; 
C9NS'l' C~KPRTY=6; . 

. C~NST HSR~O~AT_[0=:4 8; 
CONST H~P~OCATI0~52; 

:c9N5T KBDLOCATI0=$6; 
C~NST TtY~OCATl0=60; 
CONST CLKL0CATI0=~00: 

·c· o·~~~ S'J'··oc·~-n-~ . 
._, . l~ p '.t . ~ I'd,; " ·"' .\ l '..i ,_ -t , 

CONST TRPtOCATXO=&: 
CONST BP1LDCAYIO~~?· 

-. '\ol" 4ii_r I 

CONST E~T~OCAT10=f6; 
·o-NvT ro~Loc·R·Tn - · t -~; · .. _ ... ~._~, -[-\ 1 ,~.,,_,;;:?.(n 

CONST RtSLOCATI0=24• 
CQNST 1LL8US;no• ' 1 

... . /.. c l 

c0N5T IbeGr~IiE=b00 ; 
,CbNST HSR=65456; 

CONS'!' HtSP=b546t1; 
CONS'l' r~hD=6s4~4; 
CONST TTP::t:J54f)8; 
cONST CI~1<:::65224; 
CONST H~R1;654571 
CbNST HSP2=6sasa~ 
C0NST H~R~~65459; 
CONST H5P-1 :c~a~ 1 • . ' ;.;, -w' ... - , 

·c~NST H~P2=b5~62~ 
CONST'BSPJ;65463; 
CONST KbDi~&5~65J 
C9NST K~D~=65~66; 
C?.NST KoDj=&S467; 
C9N5T -TTPi;65469; 
CONST TTP~~h~ary~· 

4~ t:;.; ._ v -..,¥-I 

C9NST TTP3=u5471T 
CQNST C~KI=o5225i 
CONST EGSJ~ZE=2s; 
C9NST IG.S~ZE;::2s; 
PRoCEDURE l~lTEVEHTli 
PROCEDURE lNITST,~TIJs~ . _ 
P~OCED l.J~E B I TSTA TlJSS tp 1 Tf!U'M~ l NTf(iiH; l'lE lifVALUt ~ 5ti0Lf;~ IT; -~~DCA TJ(1nfr~J~:_I~Gt;l~?; 
PROCf:D URE f~cLREI\U}; _ .. . _ _ ~- . _____ . . 
PROC~DURE ENTEREVENT(DSV:lNTEGfP;TII•E:INTsGERJPRTY:INTEGER)t 
PROCr~DU~t: ENTt:PihTf:R ~lNTVf;C: If\tTEf,~R; fR'T'Y_:j:N'rf~G~RY;
PROceoURE IOpONs(EVENT:IMTEGtRl1 
PROCEDuR~ &EREvENT~ . . 
PROCE·r ... uf?i.i'. ~;:-t:~TRt.DfLnC6""T-o~n-TllTt·~t~t:'~f'l.-- .W •H -~P. C,l·l&, . ., v a • ..i-.,. ~-£,.... ~··~~-·~, 

PROctoURE SeRINTFrtRUP 
... " - - -j_ 4 ~ ) -



- "' .... """~ 4,...; t;-: ~· \ . 
PROCEDURE lORE.~D C f·.roRCB!-H 1r:·n: Gr.:-R; V !1H Tf~r\P: rt:'!'EGE:H J { 
nR<"CEDHnE r ncr '~"F (A r--~~"R'·""" <:. • .,. tiT¥·''~·-P • DA' '1' )i • ·r • .. ! Tr~-c-~ ~!:f) .--· ·-,.. J t!' - f\ .... .... ! ~ - ...... "·• x ... ..~ L<~ . !"" , .. ~ t...i a- .t, • ..... t ... \J .t,. 'I' "' , ••• &, r. !: .• ,_"" • &....-. ' ........ r\ r 
PROCEDURE' t\f3DSINT- -- -- -- -
PROCEDr!H£:. ·tLK"~.HH f-

END-HEALS;- ----





\, \,.~ 1·~ A ~ {\ .J. ! • to.,.. L..- ,..,. £1 f:..& .r- ; •, __ , 

INCLUDE EXECi 
TXPc AREATXPt~(SOURce,~ESTl~AT~~l; 
VAR DSTTIME:I~1EGgB; . 
VAR SR.CfH-;t;; H·TCGER; . - - - -· -
P~OCEf?ll~E'-· Ifl!T'l'IP.f:-; _ 
FUNC:Tl CHJ l)L'C()n;;- (Til s. lV""~;.'rd:') - P-r"J'fiR'rT_!_'~Tr"Gt·~. 

' '-'1 ... ~ !:., ~ r.-; "- $-_ • • : I J. '!>,, \. ~. r~ .. . . -::r - •... ~ - * ~ ~ Lot ;:!. t.;,.o. i 

PROcr:r;URE' OPERANDS CJ:N~r~EG-: H!~£GE:f. ;AHr;A ~ AR~:t\•,rYpE; VAfi 
E:rw N:KODf:. 



IflCLUD~ U!l~lTY 1 GLO_BA_!.;.· 1 ~_USij __ . ____ _ 
P~OCEDUPE INITTDC~EM; . 
PROCEDllRE ilR£~DWO_f1D ~ADf;HiESS HlTEGER.i V,i\R RLQ\·iOED: HiTf,G~k )_{ 
PROCEDuRE MREADDYTE(ADORE5S lNi~GER;yAR RcORYrE:If!TEGER): 

: FR0CED0RE Mf-:ITEhDRD (ADDfiESS: IfiTE~l::_f£;}~1\TA tln','fF:GEF); -~ __ .. _ 
.. PR. Oc·t:.-:o·. U_f~r-.-.. r: P JIT't:·" y 'T' r. (An .• , n,..., e t:t.~ J. !,,,.,..,,{."'.o •. nA,.... [:.: r t•;'rE" Eo) ,· J:.. ' .. ~ ' .. ~ "' - t·' .D ,... G .S..I L .\.\ t~ ~J t..: -"" -l J t"' :! r r·~ I _1.;- "'- -r - .i. ~ .... \_.:; ... -~' . 

. PROCEDURE Rt:l>.D ~JOPD (ADD.RES~S: FlTstsR 1 V fR REQ.viORD: INTEGEfO 1 
PROCP::D URE RCADB YTf;~ (ADDR-f;:-;s·£ INT[Gt:R: V-!,H REOB YT[~ il flTEGEP J ~ 
PROCEDURE ~~R ITE\·IOr~D (ADDRESS: lriTF:GE:R·; DP.._'JA_ fJntEGER) f -- ·~ ... ~ 

"PROCEDLlRE 11!UTEBYTt:ciiDDRES~~ lNT£G~!\JQ6TA: INTEGER):: __ 
END ME.f>\OR¥ • 

··- -. 





\...l.l!'i ,1.~1\.i. i"•\J!-·'....:4::::1¥.:-'i ~ ... {\~{-

. I~'cLnor--·· ·•t.i."":~.~rn,;·v 
- ,.~ .. l-' ~.;,.. ! ,;;---~ ,\._,,--.1. ~ i 
VAR SRC; TfiTi;:Gf~F\; 
V~R DSTAD~;ll.f1TGEE; 
VAR IN5TIM£:I~TEGER· 
VA. R r-oz~-A ~ J "\ifl'>F:r.:r:VT~- '· 

- \..,. .•• J ~.# 11 ., ~-· ~ . ..+. ~ ""...,., r' ' 
VAR SUBRt:;G ~ J, N!Et.lE~C. 
VAR 0Ff$Et)INTEGE~: ' . . -- . - . - -,_ 
TYPE ADRTYPE:: {ZSR(;, ZPSTADD' ZCOZSF:.t ZsUnREGI ZOFFS·ET); 
T Ypf; TYPr:_o_PCoDK;;: < ~,1 u iii:., r o.B' r.oR_B '- cllPt c~,(pR, ArJ.n s, ANn~, MJ]r~,_pj)X~c·io v,_.:_: 

~'~OVU 1 AflD, SUB, CL5, CLUB; C l\1-<, CLR 1 Ci)~B, ~S'f, T~TR 1 
rnc ,} ilCH t CJi C 'CA DB~ Dt;:C ~ PECB, C~!J n:?Sl3J _('Qt·r. t C0f·IIJ ,_ 
!lOT~) t riOTH, SHR, fiHFB, £5F.:, F,f.,R, SHL, SH.I.'.,;B tELL, t:r1g, 
ClR, CI"HB, CIL, CILB, ECL, EtR,-~.,1HP~. EXB, D'fN:;•nrt: t . 

TGt::, Tc: ·r! T RJI., :rr~o, TL T; TrJi ,-1'-PLt ~'oc ~ 1'cc ,JJii ,--_ · -
'fr', I, ']'OS 1 'l'CS_1 '!'LS, B Y£1 X P__R 1 TRP_, ;::>ETC£, ~L£;~c~~, HJ:.B, -· 
HLT,WFI,REI,BPT,PCL)~ 

PROCEDUHE INITQP!."Rt\f-;;·- · - . 
FROCED URE SE:'IliDH•( i'ip_;W VAL-ur:·: fN'TE:Gt:R; LOCA T:l ON: l\DRT ¥Pt:) ~ -
PRbCEDURE EXECUTEtOpCDDE:TYPCOPtODE)• . -

- .. - .. . . - - .~ - ·- -· -. l -·· ·-- - - -·-

E!'!.D EXF:c • 



~ ' --~ 
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K 

rK 

~ 

r: R .R I 
K H j:; I 
f{ R R III ['I , .. .«''I.'! 

>4l "'"" ~} ~,.... 

S H -~ !! NH 
.$ 'l ;-_. H rt - 1~. A._ 

H r 
,,, 

l! ,, 

l),AAAA 
;n. .Z\ 

' A 

,, 

*ST?RT* tL.;;e~r KR1SBilt, f7_Q,tOJ1 ,Jor: _ f'JALOG Seq~ 1647-Date-t0--1~1aY""8.2 .1.8.:05:13 

-
#.STfi-RT* lJ~:er KRISH\J.A [7f)dq)L~ JoiL Dlf.,LQG _Seq,. 1647 Datf'~-1.D-l:lay.-.B2 18:05: 1J 

- -
*S'ft~RT* U . .;:er KRIS!JHA L7tJflG3] Jot IUtd .. QG Seq,. 161J7 Octte-1D,.,May-82.18:05:1J 

---- - -~- '--- '-~--~---~-

~- ' 
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OQ1Q_i 
002Q.! 
Og3g,: 
OQ'1Q:]. 
OQ5~Ll 
oo6u• 
oo1o~ 
0080~ 
OQ9Q~ 
01 CO,l 
OtiC1;l 
Qi2o2 
013QJ 
0!'~9! 
015 Q:.! 
P!fQ.! 
017Q~ 
Oj_8Q~I 
0 190'1 
02fH}~ 
0_21 g-.: 
0220' 
023QJ 
024Q[] 
0;25Q] 
0269:: 
D27 0-1 
028Qj 
P29_QP 

's3CQ~~ 
D.31un 
03?9:: 
031Q..'J 
03~Cu 
Q 3.:; Q) 
0360" 
037 9:; 
Q3R(J:• 
OJ9Q_: 
040Q~; 
041 0-l 
o4 2 Q.0 
OrUQJ 
04492 
_045Q"' 
046{}(! 
047Q} 
04BQJ 
Of1.9Q:~ 
1.);? (') Q ~~ 

~n s· .; ,-1 , , . ,. ~ ~;.. ...... 

:J!?2g:,: 
053QtJ 
054Qn 
ossi)7, 
0560;:, 

"' "" 057Qg 
osag::,: 
Q59Q\..' 
06G 0 'l 

. - ... ,- """ 
Crl"ctr.;Hr. D1ALO~ oPt iOns (Vt; HStO!l ::.: NSlfJ,, PEF'litlL.'FCXT) ..; . ~ ... 

irH~lU.dE! FIL£Qp, si·~~u::. UlJ., __ UIJLTY,_ GL0BliL 1 - IOSYS; . .., -: 

t Vt)t-1 

__ (;HARSET ::: set of Ct..ar !--~-
uar 

D ~··x·rp~ ~~Pi 1nn(6)· .. ~.. ...... v \.... . .:....: .. _ w...:....,A. ~t.-- -"- - ·1·--~ 

rru:flMlF; strina(q); 
t•CF'fP.P!J.,_.31GiJTpP)'), PRDJEC'IION, ,M0f)_E, DBI::GIN, DE11D; -
,inteqer; 
QC~, DLPAnORESS, Tl'1£FL_LAES, I, SEARCHUASK, .REnWORD, 
·rnw, 1'111~1~ J ....:·~ •. ··~!· 

Ln t- e Q e.r i _ ~ _ . 
nECTIME: integer: 
cONDITIDJJ,. DCTFLllG, ,\.RClGE.ILE; bOoletm;. 
~I' C p l\ ,, r' l,f" • C"" _, • 
t .. i:• ... .,.:~\1 ~1<1 .~--"' ,..;,J•.Jt! 

o : ~ s t r i n Q ( q ) i __ _ . __ 

hcoin 
DECTV·H~ ! :::; 0: 
. ~INJ:Tll\J.JIZF':3 'PtE. 1H'E TAI\EH FOR EiH1ULA'tiDN. \ 
~~T·TTM~rn)• INITJT~J~• ~dPCl=red l·n DrKOD .. --~-~\ ""' ,....,. •. ....,. •• ; • .,t \ \_E ·" ' - ·io. "''' -t:• -.o • ·'-I • - ~ '"""' ... 

f .. f T 1: ·r~llP +-('! fL•<"'l"lfi.}P .() ....... .n.. !. x:· _.,..,_..._ \,. ~ ..Lll,;-~"l J. & .... ...., 

do 5£TTRAP(false, I); 
J -

for I iu ZWAll tc ZHALlfLAG 
M do S~TFLAG(false. 1): 
for I i:.1 ZF~:GMQl)£ to ZH.SP.llODE. 

do SE~~oDECfalse, l)J 
idecl~red in GLOllAL\ 
~or I in ziNSfL~G tg ZSINGLE 

do Si::'.LB!:Ii~.FIJ~G U, f.elSE~): __ _ 
J N I n; V S ' ! T J. Wt' S r 
nLlTSTATUsDUf; %dEcJarec.J.n RE.l~LS ~\ _ 
JUIT.HJSC(n_IIH; · ~;ccclet'ed ln. SJi'lRUN\ 
pJITREGS ~ %.rlf'Clare.d in UlU._ - \ 
.INITT11Ct!Ef1: 
IN1TOEE.RABDS; 

_.., ., ... E- :. ~ r, "", ... 
!i..-lJLt, ~ ~ !)ClJ'-'"t, ~ 

fqr !. in D tc iL:\XBF8AK de. 
he,, in 

SSTBHSAJ~ CZ.:~!lrnu<:J::.:,_K, 1, 0)_: _ .. 
_ SE!BRSAK(ZI~SDNE~K, I, OJ 
f'nd - .. -

- . d .. - T ,.l X "'l T "-I 'T 7 F • P r~ . .J, 1'-. .J.- .'·~. L.J~ ~,~ . ...._"! • 

~r~c~aure l~EPor<T._cf_LJ"\G :c,ocJ.eanJ L __ . _ ~- _ . 

i *~ **¥ ** * ~,lf ... .!t {I~ *.11 If~ *I! ,\1-~ lf ~ ** ** ~Hl **** *~*·lf-ll-.JI '***'*-* !t**** ***JHI: 
JE . .Jf-iHt\ . -~---·- -- ... 

i :rePorts t_!lt:: siroUJ.atec tirre,instr•~ction counts,totnl nu 
mb~ r of ln - -- . - _ 
"structions ~Dd averaaE execution time \ 
VB{'_ 
. TQTAf.~, nrr'1F', TF:i-~P. 1: 1nteo.Er; 
h&qJ.n 

T iJ T A l1 ; :: 0 ; f F:.tf; r' ;: ~ C ; 
P 'r P-lE ~ .:: HE i'i.LT 1''1£ d i v .1.0.;. 
I",,...;,r}<,!f." n· ,..- n,~J:<". 

L J.J ~ v 1..~ Z 1_5 . .,: l.J '.,.. .J ~ ~ 



Ootg~ 
06?t) ~ 

. 0630; 
n61;:; -. ~ ' ·:J.,.: 
065Q.! 
066Q,: 
Ob7y:_: 
06BQ.J 
Of?9Q:J 
D70D'i 
0J1Qj 
07~(i'l 

_ .o:z 3 o:~ 
0?'1Q.J 

jO?~!J:! 
~07tfJ'a! 

D77~l:_l 
D7 ao·1 
n7"c;~;~ 
y .... !) ;,; 

OSDO • 
·os.100 
Og2gj 
I) 8 3.Q J 
084 0 l 

0 g!) tl ~i 
o86i1~1 
. .;.. ·• 

- __ 08:1.(},_: 
oae o ~ 

. tJ f3 9.Q'j 
~9CQ} 

U91QJ. 
D9tQJ 
1)9.3QJ 
094iJ·2 
O~SQg .. 
096QJ 
I) 9.7 9::; 
098Q~ 
029QJ 
1QQ_Q:! 
1i:Ll(H 
!Q?Q~ 
1Q3.Q'}. 
1Q49:J 
1v5QL' __ _ 
1Q6Q~\ 
~ Q7 (;I}. 
~PBQ:! 
1 y9 QQ . 
}HlD 1 

~J ~1.0-~ 
ti:?q~ 
!139:J 
f 1 'l Q1 
1150'1 
·- .... o 

L 1 b 0 ! 

111o;-; 
tis(); 
!.19Q~l 
'200-l 

\.JB!Tt: ( 'TDCJ6 tt'ne Hl. ~rr.tcrc secrJn'is; •); 
i-JP !TELH ( PTJllE): . 

___ 1-J RLI'I~ ( • DE.ClQ. _t"'j me . .i.rL.n'li.c.ro .. sec ends; # ) : __ 

~~ R I TEL H (1) E C T t r.i C · il . 1 ~~ (! 0 ) i 
%beca_use.,..RlF~.THH::: _ _s_vst.e.rr: ro.uLine 9ives .t.ime. in-.miJlL.se_ 
conds\ 
\vR.lJ'EI)UC;s_tmu1.<3tl.or-_ S.P.ELe.<i_R<JtJo is. 1/"., (DEC.'Ui1f:~~----

if. FLAG 
then 

beqin 

i 0 _Q.QJ. _;'i i v 

i:IRITCt.l(" tr~str.ucti.on Counts follOlJI - -_ for 1 ln Q to_ 1~1\;ctt>S 
do JRITE(P ~ NFMNIC[I + 1], 

~ r; d.: . 
for ;r ln o to l'J.?LX.tr'S 

" ) ; irl R ITEI~ N ; 

INSCOUHl [I]) 

do TOTAL :_;: T''li.AL _.. IliSCGuN<:rJ.l L; 
~~ R lT E L I1 ; 
i~RITEL.:.U;,ot:-31 mn.1r~er o.L.1ns.t.rU.ctions is ."., __ J'nTALJ; 
t.JRITELri(;i'\veraqe SJmiJlated tirne P.er instruct.ton is', 

.flT.If>,"'£_,~ "I~ - --~--~·-·~-
in micro seconds*);_ 

~·miTELcl C 
;liVeraoe simulate J tJrne per instruction on DEC10 iS '", 

'"·- i1EC.T! 1 ~E -!!_ J.OC.D_, "/',tOTAL); 
-~nd HEP0H'l;, 

crace;;:Hlre f"ILE.SP.ECL ______ _ 

~~··~*·~·~·*****~*·*~*····~**•••*·~···~····••*******\ 
-~ reads inout oUtput fJ-l€ __ Sp€tCf.fiCat.ions from. k.bd iiL th ~ --

P format: 
_ . . .. d I? v ! .f Ll e • 1? x t. [ 1 P lln , r r; p n J < p r o t.> \ 

var 
I, JiUi'IIJ]d~UE~· inte•J€-r' 
N!'.tl>·'•· t:::'"r:;nr(f;)• 
~ "...., '. • """ ~ ..., ·~ J. " -t . .... I 

CH: Chdr: 
~roc e d \Jr 1? G s 'F·1 11 •..: E c v d :r C'! : c n a r ) : 

%. CJets 
ct:n \ 
var 
__ I: .i.n.t.ea.e.r: 
betJin 

for r in 1. to .6 
do ·~A ;nn :n : ::: , ~ ; 

C H _!_:::: _ ; ~' ; t .: :: i: :. 
Whfle C'l :::: ' "' 

bY special chara. 

Jo £~EAD(C'!); --
Nhile (Cll in CH!~f.;Sf.Tt"O.; •• '9"']) or (CHin CHAPSI::T( 

6 A~ •* !'~z~ 
J 1 or (CH in CH!d<SET(~C'i' p ,.z .. J) 

dO 
t?eoln 

f :::: J + .1: 
i. f t <= i) 

t11en 'JA ME OJ ! ::. CH;. 
HCA!J(CH) 



12 Q} 
12 9~ 
l2 3 {]±) 
l24g:_; 
l25Q(! 
l26Qij 
~ 2 7 Q·J 
128Q·) 
'290<"l 
13nQcl 
13JQ..! 
132~L! 
J 33~E~ 
134 Q~~ 

~135~.U 
,136 Q:,: 

_,1.31Q) 
138{)!1 
139Q..) 
140Q~ 

'<!1Qe 
'42Q.' 
143Q:J 
144 9-: 
115Q'} 
j 46 Q ~~ 
, •• J.Q~: 
14 8 0 'l 

. i49iEi 
~SOQJ 

J ~1(H 
.l~?.Q:J 

_1 ~3Q:J 
l54QJ 

_J 55.0'"~ 
Js6g] 
l57Q~ 
t~8QCl 
159QJ 
l6GQ0 
1:61 p:,j 
1(,.2(!:.; 
163on 
~649~ 
l6SQ'.) 
'66Q~; 
16 lQ) 
l68t.)2 
lf1.9.Q~! 
.)79(}~1 

~171QJ 
.11'2_Q] 
1JJ.q~ 
1] 4 9'} 
1?5Q;J 
~1EQ} 

-l-'P Q0 
178()'! 
,... - . ""' 
17901i 
1800;i 

1 

end; 
lt C.H. ;:; CHR (033B 1 --

t11el1 kiT~.!JtJGFIL'8 :; true: 
j ~ -~-~---
Wr)ile CU ~ * ~ 

d c .RF;.)\ D. { Ckf) 
~ _ ~ Q d GET. tJ A ~1 E ~ 

n.rgce.dur.e .GeT'·l.UMlJl:R.Cv.<.tt- .:HJKBEr~; integer:- Vnt" .. Cll-: c1·1ar:); 

.:::::::.:;=t~=;== 

_:::::=\ 
%_nets lH'l o.c.t,:u .nur.:.ber f.C.l.l-weo oP.tion,"lllY by a-sPec-1,;:n -

__ \ -
const 

_RADIX ;;; B: 
be•:, in 

READ U:H); 
~.;hilc (en:::"~; 

do REJ\DCCH); 
NUt·~1l38q ; : 0: 
\>Jhilc. rc.H j_n C11Ju~SE.T('"O~ -.-. '7*]) 

beGin 
rJUrnsR :::; 1'1ll!1 Dt:R * RliDlX + ORDCCH) 
PEA.D(Cl:l) 

""OFDC"O'); 

endi 
l f CH :in Cl:i~RSE:r f ,;!L" 
befJL-, - -

N D 't AlL DC T.:..l\Tj-" )-.;- _o-

end: 
I t c H == c 1-1 n c 0 ·n f3 ) . 

th~n IJRflNGf!LE ~:: .true_: 
end Gtrlune~:R ~ 

; ~ o ~r-~~n~r \ ,,,e a 1 n ·!'( r - 1.-.t:- ··' ·- "-"·'' 
F J L E N A i P·: ; ::; " " . , 
WRIT&(' Fll£~;1; 
WRONGFILE 1: falsc,-
GETN.At;,£ CC..Jl1; - -- _ -
J!& (lj ,... l ..... !.lj:.(f!l1<.;t1) ... b;·l1 

J,.. : - ~ J-:. . '~ -~ .• j - !. '·---~ . 

ior .r in·l to.ii ________ · __ _ 
M 0 f.' -r. !· p f-1 11 M ~ rl T "] : :: "Pdl F r I J • ;,,.; ~... J ~ ~ 1-t ~ .io, :t . ,..... ' -~ .., • 

• 1, -. 1 ~ ,., fi ~ ·.. r H: tl.P ~ r .. <!" r ~ ~ ~ ' ~ • r ' ~ 1 " " < " W.,Jl. f~ !.,,.~ _,_11---~-" :"'-""--~··i··•· • ._, • - !· --1.-- 1- - .... ,.~ t ">~J ___ _ 
1o 

c.a s e .::r~ o£ 

tor :r ln t tc 6 
d_Q 12E VI.<: r.~ .r J.]: : :: .. JJ..!\ ?~1-F~--{~IJ. ; 



HHQJ 
1B20; 
. --
l83{}Q 
)a4Q} 
lf15~£1 
186Qtj 
1S1QD 
'-~Bv~: 
l89Q_,] 
190(J:.! 
191 9-~ 
192Q:.l 
, 93<):1 
1940n 

1 i9siJ.-~ 

\19~22 
191Q:J 
198~}_] 
19SO·l 
2ooo; 
")o· 1 ,:, ~ "" -· .. ..,~ . 
21]29Cl 
2 0 3.0~1 
2Q4QJ 
21)5l}d 

2Q6Q~· 
2()~7 g.:_}. 
2qS9:J 
1tQ9Q'] 

"'2·t c ~~ 2 
21l(ii'i 
21?0~· 
213o:~ 
2i4o0 
2 !5-Q~ 
216t)ti 
211 ii{i 
2i80~. 
') -1 c l':} ~~ 
Eo .. _.r.!f-;.. 

2 2 00,1 

.. 2.21Q j 
222(!~ 
;223.Q£1 
224{) 1 

2.25Q ;.:_ 
226Q: 
2~i QD ;__ 
2280•\ 
22q;};l ,. .... ~-::: 

2 3!'\ 1" '! 

(23~6~ 
23?qj 
2 ~J.Q~i -
2 34 Q 'l 

235Q~ ----
2360 'l 
2370;.1 
238;)) 
"'JO(~; ~ ~--''}· -

24Co··-, 

' 

G£..T_N_.t~ME(Cll~l--!-· ~ ~ 
{£ (CR:: ~~,;)or CCH = "[•) tt)en 

.for ... L in-:t-t o _ 6 ___ _ 
d o ~ !!; E H A -'·H: U J ! :: N l\. rA. E ( I ] 

e~l-rk - --------, ;. ~ 
~ ~-

-.t;r~g.j,-n·-- ~~ ·---·--

for I in 1 tc; 6 
.d.o P I.LEXtt-i.?iF._[+!~l- ~= = 

Gt:TN/~~-1£ (C 11 J; 
N . .14JJ:.E (.I]~; 

to L 1- __ in __ 1 .t c; 3 

e11t3 ; 
" [ .. ~ 

do F'ILENp 1li~(:t ·+ 61 ;-

bee i.o _ 
Gt;THUM'3~P(;,;tJI"VALUF,, C:H); 
l f.'-r·'i'DPlJ ~- : 1''>!.1'1~-LiJF. J..-...~ ·- J. -··-=- -~ -.!-"" .. - \.!.~ ~ ll .... "-1; '!.,.. .-J" 

i:C en=·,; 
t.he.n 

belJi'l 

NMiE (I J 

GE.1~11J'1EEi-< r.i\U!-iVAI}u~-, CH_); 
P. T r. l-1 T P t:: • ',· ; •.J ·~ i '1J ·v· .1'. r.' 1; 1 t;' ~- , - .... . t.. ; :;. r· - ~ · , • , :..i ;.J J,., 

-end 
elS~ 

heoin 
WRITELN( % RELL,\ 

• C or.r;111 . .. - - --- -~ 

JRONGPILi != true: 
.retnrn 

end 
t!Il-d: 

, ) . : 
L:t no.t ( E !JI..:J ~i 

then RE r:.D (C:I) 
else re·tur.n. , 

• < ;- ~ 

G r:: T ('l\j w. i-J E B (;~!It< v JIJJ u £I c H) ; 
PRO TE...C I ! C l ; ::: !HJ f-I~V.A t. UE 

end: 
.. >,. ~ .return 

end: 
lf CH ;;: ,:,l-!RCD33B) 

then 'JR(J!·iGf'll,E ;: true: 
~ 

j £ FILE'JA:JE ~ " 
t l1en :·1n.i1t!Gf TJ ... E 

3 

;. . .. ~. 

crncedUte CSTbCT(Var SfPERATCR:char; var DCTFLAG;boolean; 
v __, r n., T. 1• "'+- e . e , • 

- . . Q. +n, ·• • .. '·' ;,. q . r ) • ---
~*'*******•··········••***~***~*********~*~*********'*** 
**"'******'* *********••••••••\ 



2410;1 
24290 
241Q~1 

2440'1 
2450;~! 
2460;, 
2 4 7 ();j 
2480;:1 
24990 
2~0{}:_1 
2S1Cn 
2 ;.?;.,~1 

J . 'i,.l .• 
2fj]Q~} 
2541) l 

(255. &~ 
,256 Q J 

25 7ou 
2s e o:i 
259o~' 
2oco,-~ 
~26JQ0 
2620!! 
263t)f~ 
?~,j,:·~! 
... b . 'l ~ 
265Qt 
26b;J<i 
26 7 (),; 
268Qfl 

j'2 69 i]:j. 
~7.CQ~' 

271 Q:.! 
272.0fl 
2jJg~ 
2?40..! 
2.?5Qij 

. 276Q~ 
2770} 
2jsQ~~ 
279{}} 
2acQ~2 
28LQ·}. 
282o··, 
2 ~ 3Q~ 
2$4QJ 
2950'1 
2e6{}j 
2 91{}i.l 

28?3Q3 
Z$9¥:;.t 
f90Q2 

.291 Q{' 
29.2QJ] 
29JQ0 
294Q:J 
295 0·\t 
2,16c,:; 
297Q~ 
29B!.L' 
2 9 9 ()(I 

3()00; 

C"'onst 
" Bl;DtX ;: 8: 
Vi'! r 

C:ld: char: 
D'lrl:" (''·I .J ~ ...,n,.., 1 P;-,,·,. -· .::~ ._,,H• ~~·+·- !-.J.V...<o..o:.. ... ·,-"' :,;zJ, • -

h€'5J.i!'l . 
OCT •;;; 0• 
b~iFiAG ~= f~ls~: onPGAIN != true; 
~ b i 1 e D C.i\.GlU:N. ~.O.o 
he Gin 

~.;t·Ltle ClJ : ~ ~
do lH~!~D c C !L.L;. 

"bile ~cG in CHA~S€7['0; •• .. '7 .. , ' 
• J J 

.rlO -

oC __ TFtu~G : ~ _tr t.l€; 

OCT == OCT * HP.DJX + oRoccH) 

end: 

. t.l:Jen 
be a Jr~ 

HRI!SLJ{_. nELl,\ 

and not EOF 

• ? MbT AN lCTAL NUMBER TyP~ IT AGAIN •); 
nC1' ~- o 
~.... . ........ "'-· ~ 

end 
e 1 s e. D iJ i\ G.ld H : ;: f .i'J 1 S c. 

~ ., d !?, •·l ,, 1·: , f' \ 
- ... ~ .L. . -(. ~ • ..1. .• 

Pnd GETOC!: .. 

c r ~ c~ dU r e D.SBU.G C:: f:L"!; Cl"lt'l r i .. bD.J.}.REsS: in t eg e.r )c: . - - ---

~*-If * * * * * * ·~ it ·R- * {' ~ * # -lf. -il * ll * li * '* * ~ * * -li -II * * :it * * ~ -II -It ~HH' ~ .. -· ..... y u .. " y ~ .. " .. 

~~-1!-ll-****' 
t?{)~ 

V J:EiHYP2 - CDF:C·JC.rn::, TDCJ:iORD); 
WORD'f:YP:: = 

Packe.::l record 
c a s r~ V I S <·J 1' Y P E e: f 

DEC~·JDED ~ C F UU;l.\DBfl: int~9er); -
"'l 11 r :-1 n R l} ! ( r; n .'} '~ y • o 1 7!3 • 

vt·~··~·-" ~-~·· • ·• ..._ •• I -

:l..Si"TI~flRD.., f:l!GB .. THORD~. 0 .... -1T7777B) _ _:_ __ 

var --~ -----~ 

.! 

OIJDC:Hli, r..;;;t1PC11JU-c.f-'ilr ;. --. -
VALU?;, DED~'!ORD, R.E(;B!T.E., S'!EP, 

TE~PAODREsS: inteapr: . 
sr;OfLAG! boo 1.e.a n: 
n;: 0(1R~TVP~(D~r~n~n)• t"' J. • ~'4 ~ ... ' ..;. ..:. • ~- ..... -,~ !:' .. '". ·- , -

R 2! WOHDT YVE.(.T.D.C.\HJi<.D )-:- ~ - ~. -.- . . -

neain 
n;;lPCiiA. 
REfJ\'JORU 

_ CHA: T£uPADDRES5 
= 0; RfGB1TE := O; 

-
:.-: .1\DDRESS: 
STEP := o, TEMP l= O; 



§EOF'Lfi.G .:;;;; trYr::; .. --. ___ . 
loOP 

case_ J:.w~:.rH~L ---~ _ 
"Ji: 

.b Q-O.iJJ. -

1.£ (A_DQI·n:s~ rrac 2) <) o 
tb.en _____________ _ 

beQin -
PHIIEL-% .. BELL.,\"?? cDD 
r~'>t 'n:n 

.ADDRESS._~)-:---

~ tj.d~; 
if SECH~L~G 

t.h.9n __ ~- __ ~ 
beOi n 

PL'l"Cill> ~-- 1;;"PPCii~'~. w - _, ,., __ .cl_ ~·- .,~ ...... ....._ . ., ___ ~ H , 

Ol·D ?•0 np. S;:; S ;:: 'IE M P-~ oD RES S 
end.: 
R l:~ i\!H.J 0 H fl ( ~F.. '1 f ?1 D D f; C S S , V A L U E ) : 
l:-JHlT.Ettl (.C: 6• _ VJ\,lUE) ~ 
GJ:::TOC:T('tf.'1r;:Cfq, ·CCTFLAG, OC1'); 
i.f .. J2CT.fJ~J)l;. .. -· --· 

then 

VALUE ; :: QC T: 
.it t'tEf{P(JlA-;:; "/~).or ('f£]·1PCJll'•: J\.'•) ___ ------

t!•,pn 1'E'lf,\DPFE!5S :::-VALUE 
e .l s e '-LP .r.1 f:\',Df\f.!.(..T.E14PAD.DBESS, VALUF~)----- -----

end: 
.') TEP ! :::: __ 2-

end: 
~ \.~ :. 

l:Jeaif1 
j f .1S.E (.)fJJA t1 

ti'i:!;) 
beClJn __ _ __ ... _ 

nr,ncn~. : ..... -.... ,~r .. ~L'r_·Y.rt· 
" - - ' • ... !--' . ~ -..... t~ " 

_ol.JJ_l\D n..R£::.s :::: ·'I Sl:~p A nn.Rt:ss ___ _ 
er1rJ: . 
READB YT.E ( 1'CJPADD.RESS , __ Y..AI.UE.).: 
[;JRITEL:'l(C: fi, VALUE): 

G£Tf1C'TCTE~l;:;CHA~ CCTFLAG, OC'f); 
j_f __ f1CTF_J.J.AG --~ ~--~·- ~ ~ 

then 
bcaJn -· -

i f ( T F. fJ PC H P ;: , • \ ~ ) o r ( T E IW C H h ::: 

bc.ain 

'/.) 

GETL-iOPD(TEt~PADl)BF.SS • S't'EP, HIGHT, Tf.ltiPADDRF:SS 
) ; 

'f!''Ol:)f"/ljj •- r)Iflf"Pl\• 
... i....: f ~- • ~ u .... -- ·-· . I I 



.3610>~ 
3b. ~~ ;:: -; 
"· ~ y -~ 

3:?390 
3!)40.! 
365Q·Q 
3660-! 
36iQ,~t 
36so"J 
36 Q;i~ ... ~-:..., 

370(}<1 
3 7"'1 0,; 
37?,Q;. 

-3736:", 
J?ao;1 

1 375gj 
\376(lU 
37?on 
37B(J;i 
37-q;:.;, 

--U .. 

3i>Gi>; 
0 .. ~ ~ 

Js:LQ~1 

382!)11 
38360 
-:t;'.1(·l;. ...... tS --, .· • ' 

3 Q~~-~~ . u;...Jv ....... · 

38.so; 
3a7 tli:i 
3880~ 
j3 f,:_._ g Q 
~90on 

39J(L;I 
39<90 

- 3 9 3.Q::-
394QQ 

.. 395 o.n_~ 
3960~ 
3<~7;.,;; ... ,.., . "Y-;. 

398Q•~I 
3~9t)Q 

.. 4 \} 0 g} 
Ao lg~:r 
4q2g:; 
:4q.3 Q£t. 
4 0 4 0 ,, 
4050; .~ 
1f,Jfig;j 
4Q7QQ 
4qSQ} 
4Q99~ 
jJQQ~i 

.(.4.~_J .. Q.~! " 
;tt2Q:.1 

4~Uo:n_ 
4i4a:; 
4is_o; 
4i69~ 
4j7 Qi} 

4!hQi: 
4190'1 
1200;1 

CAN 

---·- ·- -·-,., 
beoin 

J~~ nr.D("lr. - n,. 
,.J.,. ,____ -- 1'1. _.,..~--'-~~--

then 
_ _ --b e.!.J .tn . . _ _ . _ 

~ WRITE( % DELL,\ 
-

NOT OpEN RFLA1IJ8lY ~DDRESsEQ -BYTE,."): 
return ... -~---·- _____ _ 

end; 
-=; ,s~~or:Ll!\(<f 1 .t. -- ..... ~- .-.. H :...J. -

then 
nenJ.n 

nt.DAf)0f1S;;S p: 1EMPADDRESS; 
SEOfJ,;f;G :_;:: .f.al.~S(;. __ _ 

e.11d; 
GET.I-·JQ8.D (JE.v.DADDRESS + .Vl\LUE +. 2, RIGHT f 

T i·: y p A n DR E S S ) ; 
wni!EtQ:_~~ lE~~ADDREsS., 
TE.~-~PCYA ; :: ~I~ 

.ev d: 
, @ 6; 

bf~o in _ . 
.i£ IJI.J)CllA :: ~\~ 

then 
beoln 

- !' ). ; 

kJPIT.EJJN( :;';. DF..lJL, \.. - -·-·-- -~-- -
~? CAN u11 OPEU ABsOLUTELY ADDRESSFO-BY!E•~ 

return 
~ry:i ~ 
1 E Sf~QFLl\t} 

t.l-J.cn 

6---

beai.n . -

OT.~D ~AD !J PES S 
S E f) f'.L F\.G. ~-= 

:::: 'Jf;:MpAoDRE.SS; 
£a l s e . - - .. --- --- . 

TJ:;H.!?.J\QQI{.E_S:; ;--;: _V~AJJUF:: -~ ~-----~ __ 
WRitECO; G. JSMPADDREsS, • ~l; 

t)_~D in _ 
-_ j_f_ Dl.~.DC.~.Llt ,;~ -~ \ .... 

the.n 
-- --~ 

hoG irL _ __ . ··~-
'·lRITET.JN ( % .. BEi,..~I, I\'"? 

. r.e.t_tJ r.n 
f,?!_J) d i 
i "f. ~ S E.9J? lJ At;. 

then 

QI.!)~DnR.F;{:S ~"" ADDRESS: 



421{) l 

422Q:! 
4230J 
424()0 
4250± 1 

4260;.! 
4?7QQ 
42fH]:,! 
4299::: 
4 300') 
4Jlo?· 
4320fl 
4 33 oz) 
4340•-! 

/4_)sl}0 
~~3€Qi] 

4~'1~0-
4380<! 
439071 
4400; 

.. 4~J0:3 
442Q; 
.44J{Ll-
441u-J 
- --

A 4S.(if.l • 

44H)~1 
- 44/6-5 -

448QJ 
_ t149ou _ 
~500'i 

451 o=; 
1s2o,; 
45 30-; 
45490 _ 
455Q:fl __ --
4560; 
4s7oZ1 
4580~ 
459Q0-
46CQ~ 

-461.Qg 
46?. 0 ;l 

4~1Q~ 
464Qj 
465 Q'] 

466QJ 
467Q{! 
468!}:1 
4§9Qy 
47CO·t 

~710:1 
47::~o0 

-47 30~ 
4i4[,; 

_ 47soi; 
4760-'} 
477();:; 
47€0~ 
4, 9 0:1 
4so,).; 

___ SPOfti\L :::;; false 
end~ 

_ !:;.Xl8.!:1JlCtE!:if;Jd)DB£SS, iWHDS, .EX.EORD): _____ _ 
TI:)1P1 ::: C~NCB.D~ 

--EXTF' ;f) C 'rAJJ U-E , __ B.Y1_, __ £:XB.Y. TE) i 
GETWQPD(TEvPJ + 2 • EXDYlE + 2, BIGH!, 

~ .... _ . .:tEu.J~ALll)R.E.SS): 
,i_HI1'i·:_UJ: 6,_'i.E 11P!lDQRESS," 
Tt:t1PC.~iA .. -:~:: __ "_/ • .. _ ~-~~ 

end: 
• < ~ .:. 

bc(lin 

+ sTEP, RIGHT, TEMPADDRESS) 
~. 

n;t-lPCHl\ ; :::: OL.DCHA: 
d.fL!'r'.EJD: 6 ,, :J..El:::.P.ADDpEsS, 

end; 
' ~~ cx1ti 
ot hen!i se; 

i i ( .I~E_!AP CIA ,:;: "L-F _) __ 
tnen 

- ) .; 
7;;-!lP\Hli ~ ·~ n! nr'LJA • 
.i.~ ,. -~ • '!"- u .... --~; ... ,. 

T.El~P.C.HA, .. " ~-) -- .. 

':JR_ITELO z -6, 'JE?J.PADDH£sS., _TEHPC.BA, ____ :...) 
en.d 

ti'1en 
be o.tu - _ 

t·J R T. T E ii N ( ~; 
return 

end 
eisf: _re_tu!'n 

end'% ~~~sv \ 
__ f,'n.d % LOOP \ _ 
~nd DEBUG; 

'l .-. I • . ..,.. - "' 

7_ 

l-.f'oin ~;DI.tL{.;DC-\. ----- __ 
. rp_ _;:;: C ll H ( 0 t '5 B) t LF ! ::; C HF. ( 0 1 2E) i 

I 

CHARHODE: _ _ __ ~ -~------- ___ _ 
C}j == .. '; oCT ::::; 0; '1C1'Fr.J~G !:: f.:Jlse; THiER :~ 0; 
'. p n "'r.,... IT r. : f ' 1 s ,., . , r• r .,., JI·'E • - •· :;.'.{t.'·YJ:J .... Tr . .ub.: •= . ..a ~ .. ,. ~-~-~\..J.. .. . i.! ·-··~~=--0-' -- ···-~- -·~ -~ 

~-J P ~ T f~ t; f J : 

~RITELN(" 
J il I.'l: TAL l Z -;:~ : 
looP 

\rJRITF.::LtJ; :iJ~T'l't:-:c'" ;)~ 
GE~OCTC~H~ OCTFLAG. CCI)~-
- - rn ;: ca"' e ... t1 a, 

"A"-, "d;! 

bea n 
i [JCTFL.l\ ~ 

thf!!!l 

.-



481.0 I 

482Qtl 
4830;1 
4a~~t1~' 
_4aso; 
486{}~ 
.4l:P .QD . 
4830'1 
<1B9Qj 
4q0(1'1 

4$lQf 
492 (L 1 

493Q:! 
494(Fl 
'4.9so:~ 
496{1"1 

49i Q.6 
49BQ_• 
_499cu 
s{iogj 
5oJ o J 
sci:~o -:-1 

5QJ,)."i 
so1o:, 
s{}5oj 
soco 1 

~g~~~; 
t50.90i~ 
~-1 00~ 
sitav _ 
si~o;, 

_s iJ.o~; _______ _ 
5 i 4 0' .. ) 
si.s.g~ 
5l6rJ<_! 
517 O!l 

sieQ~l 
. 519\'};1 
5200::; 52Joo 
522on 
5 2:3 Qlj· 
524Q;: 
525.0-i 
52.:,:;;~~~ v 'iJ .. 

S2i0~1 
52Pij-, 

. 52\;~-, 
- 'J --

l30Q] 
(5 3-l Oil __ 
5320~ 
5330~:L 
534{);! 
:5 3'1 ;:.;l 

- . - .,.i-

s 36{!0 
c_S 3 7 0 D 

s3a00 
"~ 

~5.3 9~Q.{Y 
5400n 

•.' .. 
•? un. 

/ 

.b.t:.cllf1 ~·. 
C iJ 1 Jl! IT 1 l N ; ::: t: rue : 
io r I tn I) tcJ..I>.Xl.HiEAK. 

l.t (Al1F!JF£P.KL1.L= C.) ..anLLCCDNDltJnN) _______ -
t\Jen 

b.eqin ··--- ________ -~- __ _ 
SETBHKFJ ... Ii:!G(7.ADPE<tAGt trlle): 
[1f';TUFF.,a.KfZAilRB.REliK,. I, DCr);. 
r n n 'l ' 'T' , , 1 '·' • -- f. -"' 1 <; "' ... - · .1. ~ ... lL:.... .l." ~ - f.,..J '· ._ C':'" 

e.r.ld: 
j•; C (1 ~.)p T ""1 T.r !,j 

~ -"'- .r " • -) .,J. j., ·~~~ 1 

t:b..e,n ''UU:rEL 11 c .. % nstL,' 
'1 ~8. OF AQDR€5S BBEAKS EXCEEDED g•) 

elsg 
b.egtn 

for t in 0 tc ~AXD~EAK 
d 0 3.t: !EHiAl-1 (.U~D Htln.EA.l{., I I 

SF; T R R K F' T1 A G r Z {l. DB f, L A G, _ fa 1 s e ) 

.t.heJ1 

tHJO in 
__t;!Jlll)ITION •

.it (OCT IT06 
t~en 

t!ll€; --
';) <> 0 

beqin ~ 
WRITELN{ % BELL,\ 

Q,)-:. 

~ IT~I.,~SG:t·.L. lqST.RUCTI0fJ 
CO;JDIL!D~·~· :.:: _fa .. lSe.~ 

ADDRESS~): 

end; 
j f _CD Nj)_ .IT 1.f:l1 

thf?)l 
beGin. 

for I 1n 0 to MAXRRtAK 
cic 

U (IrJ;;ijFEilK(JJ ::: 0) ,3nr:l. 

bE!Qin 

CONDITiflN 

SC.1HhKE .. Ll'!.G C.ZlNSFLAG ,~ .. :tr-ue.)c;_ 

S.ETB i-1Eil .. K'.C?.lH S Hi~EAKrc....l 1 -DC.l'-)-i 
C: l N n 1 T l_O N ; =: :f a 1 S.e 

eno; _________ _ 
.lf CO"l!Jtr1CtJ 

then ~~~ IJEI...H (.. % .E.t;I,J., ,.\. 

bF . !.NSTfUJCTI_fli-f 
end 

enc~ 

e.lse 



_ encl~ 
fl c .II , ,. c ~ ___ :_ -- -- -

neuln 
_if. not -~Jf-_l,_GLF~ 

tnen WR!TEr.N; 
SET!i.DDE ( tiJJ.e ,_ -ZBUDVODE) i 

UtJEC00.; 
TIH-E1- ~~?_l1U11Tt..P~E.: ___ --~· ----··-- ~-~-~ 
TFsT:1CDF: ;_ _ 
:-;; nU~!tJ.'~S HE.TiJR1'~S THE rl~H:": .ELAPSSD Bt:.:UlEEN __ :rao . 
s ~'!C<: ESS l VE 

CALLS_ QF ELLS E.PDCEDURE 
SIHL!V1 'TE: 
cu;u-<.:~10DF 1 

n:;·lE .; ;: l-FJNTl'lE. "' TIMEJ: 

Q 

D~CTiuE :c D~Cll~F + TlME: 
~-EClJ() 

!I D', .- d;, :. 

DBEGl.N ; ;;: CC.! : 

\ 

~RITELN(*Srecjty ~nd address'); 
GSTtJCT(CJJ, OC'i"fl.d\·G, !JEND); -
Dll:iPUH3f':GIN, Df'lD, OCTFLAG) 

. .e rl.~l : ~ 
• ..,., • ;. nrr·r.qp·r~n"'TFl.l\G~ 

.;,.,.,~ f (..; ~ !~~--'!. ·" I l ! .• ·"-, .. J..H .• 1 . ./: 

% Fr:lJ sti2.S 'filE Jfli!. --'~-
'G•, ·a;: 

.ben in 
if: L!CTFLA!. 

t-hen. B ~ G SE J .( C.C I , -.0 ) : 
rm ITF:Lil: 
.S~-T.~.tO.DE ( t_r u_e -t .. z TI. IJ i.ll!_DD f) :~ 
JnEcHr1: 

T lin:: L .. ~::: ~.UJJ r !.~E 1 -
T SST-~~, 0 DE : 
S IltU.LE.~!.E_; 
C 'l.J\ R ~-1 C1D f:; 
T Hli3 : = E.llN T .I:ti! ... _ 1JJ'it:1: -
DSCTI~E := nEcii~E + TIME; 

IN ITL\L l2.E: 

beain - -

F' T. L f: S t~.E. C. : 
if not: !:U:frJNGFH"€ 

thefl LOAr:FJLf (QCJFLAG, 
else WR1T2LNr;??*, DELl~ 



6i;1 o:·i 
6g2l)j 
6Q3Q~ 
6CHO 1 

6Q5Q-l 
6·}6!),~, 

6n7n;l 
6oeo:. 
6o9o~ 
6iog0 
611 i.) l 

6i'ti)~l 
_6_i 30-. 
614n~ 

1 6iso:", 
"-6t6 t) ~~ 
.6i1qj 
6180 l 

61- a;,;, 
. ..... '1-

6200 I 

·6,.,.1:~. 
' . .<. ... l u 
6220~! 
623Q:l 
624(1<1 

.625Q:l 
626QJ 
.6270.d 
628lJ-~ 
t29o~i 
l))(;Q0 
6 3 -~ Ql) 
632()·1 
_6]lfL~l 
634{}~1 

:635Q~:l 
6 360'! 
637Q~ 
63P.Q,l 

__ 639 9:, 
64CQJ 

_6,U.Q _i 

642Q:J 
64Jon 
6140~ 

.6 45 ();, 
646Q~ 
.c64 7 Q -' 
64FiO i 

~6490~ 
.. ?500.-! 

i.;65l 0:-l 
·6520~ 
~6530Z, 
6540~ 

.6550;, 
656 0:1 

.65 7 ci!t 
6s89c~ 

• 6590·1 
66Co;. 

end; -, 
I* 1! , .1' , .. ,,, , m • 

1. f 'JC tFT.ui G _ __ __ ,... 
then GET~1iJFDrtJCT_, _ _p1GH1, SEl\J-ICiHlASK) 

e l;:; e !·lH t 'tt:_L_11UJ: 6,, __5EABC.HEA.S K ) ; _ .. __ -~ ~ 
.- -

f' !·l .. , "_n ; : S F 1 B R K f LAG ( Z S l N G L E , f a 1 s e ) : 
~ p f1l , - ~J) .;_.:. -· ~---

beoin 
SE'l'liODEUJC.J: .. F.L,.,\C, .. ZH.SE..?>tCnEJ ; ____ --~ __ - - ___ _ 
D-;:;: V IC E ; = ~ . _ ,. ; . f I L p)J hf·l E : ::: " " ; 
LEfTl? 0 N i:::: D ~-FJ:.Gll.TE.EN ::: D ~·~ PRDT£C.T_1Q£Lp:; !) ; 

f1V~S 0EC: 
if no!:._ i-JJ.F1~lGFILJ?: __ _ 

then OFILScFJLENAME, oCTFLAG) 
eLse L:l_8 TISL N..r!.. ? .. ?..!., ~£Er_.L) 

1 0 ~----

end; 
.;H .. , "r;: 
_ beoi n 

sr:: T'iDr1E ( oc 'J F'C,ll. (I ZH SR r,'QDE) ; 
DE VI.C f :;; # ~" ; F J.L tNJ1}tE •- II ~ 't ··-· ---- ~,._- -- ·-----,~-~ 

LSFTPPN := Or FTGA1PPN :- OJ P!-HJ'JECTIOil :::: 0; 
... F 1.LES P_E~: 
i~ not WR1NGF!LS 

tnen Tf ILE (F l.LE}lM-.-rE., _QCTFJ,/lG) -
else WRITEL~r~i?·, BELL) 

.e.nd; 
'"S .. , "s;; ~ETl3F<KfT,~8G(ZSI.fJGLF.:' true); 
'T', "t.; .: 

b eu tn 
LAPS :: PEALJI~E - TIMERJ 
Tit•lER ~= R.Ei\L'I'l'lE; 
,-HUT .. EJ..J~ C • ; , J,A PSc...cd,f v l 0, 

beain _ 
C!JJ-JDl'l'IOl~ .!=true~ 
for!. in 0 tc ((J_~ 1·1EfJslZE) dlv 2) ~ 

do 
b~oJn 

,:YtJEAD.EJJ BC ( l , -REil1'1'fJR D ) : ~- -- -_ _ --- -- --- ----
if LOGA ~JD CCC_'l_,_S}~l~RCHH.A SK) = LOGJHHJ (fH:'Q_tHJRD, _ 
-- L SEAECl!tl,n.St{.:.)c=. -- ------

then 
--bea1n ~" ------ ---

t--IRI'T'ELNCc: _G, I, o: lo, 
_ .. "c.r:n-.JD_t_llfL+- -!-::.J.a.ls e-:- _ 

<7X it 
end - --

end: 

:REOviOB.f)J :. 

.. end;; 
~ ~ " ~ ;:, . 

be.oin 
true: 



~ 

6 61 {) '1 

66?60 
663or 
(,- (J;J.~ 
'-'0 ''- . 
6.:-~P:-1 
v~ X·"..:. 

6660n 
667Q0 
6680 l 

6690;1 
o7oo;; 
611n-, 
67?0:-; 
6.7?6:-! 
674o~ 
·67so; 
"6 7 6 Q ~ 
677 0 l 

6?89:; 
6790J 
t.;..' fl (', r.. 'j 
a~.,~Jt:f~' 

6 BJ..!Ll __ 
6a2ot, 
c. Q 'LO-;:, 
v~·""' ~ :;.-
684 0'i 
6~s.oi· 
6~6gj 
6 BJ Q.h} 
688Q:; 
(6890!1 
Ia-~ 0 Q0. 
6 91 Q 9- - - -
69?0'1 
6. <n;:;; 

. ;;1~-V-'·' ... 

69t1 i):J 
6.r;s o0 .. , -.. ---. 

then -_ . be.o.tn -- -
. GETf)C'i' (CH '· OC'r_fL!IG, C(;T); 
_bci t_;__ n_cr _mc.!L .a.; _____ . 
~ ~ '! 
.if CC>- = ~A~) or (Ctr = "a") 

-· , .,----~ ~- ~··-·-··--

r1cr::Jin 
SPTR:l.EA.!\ ( ZADRB.FEliK, _ 0Cl, D); __ .. ----- -
ior I in Q to MAXBFEAK 

1.1 

de 
l f J:'Clh:J~·Lr.ON. .ul'1<:1 

tr1en CClDI'IJON 
cADHBREAK (I]- <>--Q) ___ -· 
:= false; 

.i_f C fJ ttc .I f I C tJ 
then SETER~FLAG(ZADRFLAG, 

e1se 
.Lt. ( CJl .:;; ;_£; " ) or ( C H ::: "b" ) 

then 

Sf::T RFErd<. ( 7. Jr'SBf<EAK, OC'{', 
tor. ... I. in . ..D tc--liAXJ?JiEA!\ . 

false);. 

D ) ; 

de _ 
_ - .i.f_ DC..Nt!TJ;GJL and _( UJSBPEAK.[.t J <> _Q.) __ 

_ then CG1CITION := false: 
if (CO",!)l T.!ON.) --. __ --~-~--

then SE:TURl<FLt~G (Z T.N.SFL!1(:;, false); __ 
end .. 

-. -
6q5Qn ~ ? ILLEGAL C'lAHl'I=SPECIAL ('JAR $HQIJLP BE A. OB 
6g7Q;i 
69eo(~~ 
69;;(1,7! 
7oou;l 
7il.i 0;1 
7QtQ~l 
7 03.0~ l 
704<3~ 
1 riso:1 
7(-)60~~ 

1o1o.:L. 
7 08 0·~ 
7Q9QQ.- -.-- -

- J __ _ 

(1f'Qiil .. 

ct-::rncT CCH ~ _.ncT.FLAr;, .ccTJ; 
g~r :~ nc1 ~o~ a;, _ 
L£ C.CH = '"f; ~) .or.. ..(C.H--=--' rJ ~) ---- __ 

t~cn WRIJELq(n: 6, ADRBREAKLCC!J) 
cl.S e.. . . -- - - - - -

if ccn .= ;t::•) cr rCH = "b.) .. 
.-;..Pn <·J-I'1 rL'·'.fQ. • ·6. I"J<"'DRE~v rQ~'""'·1) t~ ·. · _-,__., . _:: .. . f'L . ..~.. -: . .'.; ~~-:!: '"' I .-e ~ , . J. !- l ~ ~11. J\ .. ...,.~ :.....-~!. ..... _ ._ __ 

else WFIIELN{ % RELL,\ 

11n00 • ? ILLEGAL 
Jt1Q:J 

r H !\HA-SP EC I JllA CJJJ'';fi SHOuLD BE A OR B" 

,120'1 
7{1();, 
7! 4 Q"_! 
7 J. 5 ()~J ·-- -
7tooi 
71 "] 69 
71 BO l 

11 so;_ 
7200; 

end 
enc:J: 

. 

beoln -
if not DCTFL;J; 

) --- -·-- -

tt1.cn D.CT. ;::: C:.LDADT1RF:Ss;. --~ 
DEBUG(CH, CCn; 
5ETTRAP(false, TRAP): 
SSITR~P(f~ls~, AUSTRAp) 



- ~ 

721QJ 
722(J_i 
723.0J 
72461 

·: 7 25.0~ 
_ 7 26 o:~ 
_7210!1 

o t t1 e r 'cl J s e ~ 
l)ealn .. ~--~----

j f Cii : CR 
t.nen C_r; __ ~! . .::._Lf. -i ~--~ ·- _ 



634of\ 
_6JSQ} 
636QQ 
63'7QO 
6~8QQ 
63900 

it_:c·cH 
~- __ the~ 

.. ,. end .. . 
__ .~nd .% CASE _ \ 

_ ;,fi.d ' LOOP \ .; nrl o IALOG. 

~ -· -·-- -- -- -·~ . -- - -- ---
DIALOG,CCN 1 a .. Hay .. a 2 1 2-' ~2 6 PAGE 

~ -.. ~ - - ., - --- - ~ 
<> 'CR) :and (CH <> IJf'} and (CH <> CHR (0)) 
WRlTEt_N (_:' J3ELL, \ '"ILI~E(;At SPECIAL C!'!.ARACTE:R • L 



\ 

..... -.-

*iif;!'!DiP. U3er KRJSJ!~!A L70d.Q1j __ cloL _IU.ll.LOG_~~q •. 164.7 Dote 1.0 ..... i:ln~l .. 82 18:06.:.24 
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Finis~e~ ~rfntina rile DSKCiOVL10i~LPT<077>[3 1 3) CDIA 
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mo9u1e UtTLTY o::..;tiansCVEBSl!JN .::;,sUi, PEfAULTCXT) 
includ.z rfJSYSz 
tvoe .. 

·viE !;J IY:-P.E. 

- PRIOPITY)1 
ttiOFD fYt: S ,. _ 

oaqk~d r~cor_d . 
Ca;J;·f.?. VT.ENTY.I?E of· - - -~ 

rrc··l-·lO·,,n • cr,·nLr "ifH~D • i·~·npr: .. oer) • .,~ .~o;-r>..=..~~- f'.; ,:.,_).1!.-c' • •.. tJ.!~-·-"'···'"'' 

·rn;.:,••;O.P:C1•· (i1'P.~-r.~y1,....l.ll('• ._;;;c '1 .... o. 
! JJ\.r i-4 J.\, ". ;.,J o$j'!~.l ·'" • .<.ill -~J ..• •• ,,f t.i., 

lEETWbRD, RIGHT~ORD; 0 •• 177777RlF 
~-''T": ·(r)ll;,;f,1-\'"1"T'i'Po • <)· -· 1-~p .- ···-~ J "-' - I.) I.J l• J. ~ ~· t~ l _), . .,.1 " ;.- • • '~ ! ;_) , 

~~TF3 BYT~2 BY?Et, AyTEO• 0 J77B)• 
FITS!' CBIT~:\L! p~cxe.o' .~:rr:a~. _( 1 ·:.. 36 J · gL no·oleain ;:-=-~-
i-l v ·r ,,. ~ r.· L F C T • (- I ~ N 1"1 R E 7 • , ' 1 7 ·7 7 "7 7 7 7 ; 7 7 7 n, • · ~ .;..~L l:.""*""'' ·"" ··· f.l' ..... ._, ._.,... ~ ...! ill! t' ,. . _ t. •' •. !J I 

E: .. iTESEl~EClUP ! .. Q • ~- -~1-B.)., ~ _ 
;:pJ(Hn:TY; ClGtJOP~8: 0 •• 17777777778; 
_; r. 'f V ~· S V • 0 '"7 • T •"- ~1,., R-,.., • !"! .., 7 ~) ·~·:f'! · ,J.i~!~ ,, ~ ~- •.•• ~ ... ~..!·~ .. \.i~\c .. .J . .,. v •• "). b .. - - ... 

eno ~CHJDTYPF ~ 
tvpe e:~nrrt· 

COMPSETSCT ~ (AYT, WORDS); 
TYPE,~(l;::D :;;: (Tn-tt'lt/lORD, hEPT, 'tnGH'r); 
"'Vpk""'-~y-·~· .(AY""(' f .... ,1- nvT2 t.l'{"~' "') J l. ~ ~ [_,.; -· ! ,_;, ;: ~ 1 l 1 1 'f.. J, . , U .t.. _, t::: ,..., J.. ,;_, ; 

functlo~ e;Pnrt BELL return ch2r~ 

return CHR(07) 
• ~':'De 2ETL! • • . P: • 
func~icn CA'Pnrt BlTOJOPD,--•I'TNUif:tntegcr) return boole.,n;. 

type 
'T :; cad~ed arraY (1 d 36] of boclean; 

var 
E: '!'t 

teoin . 
~-1?_T: WbRD: . 
i f ( 1 <:; BIT N U 1·1 ) <1 n rJ ( B I1 'J t; i1 < ~ 3 ti ) 

th;n return B (BIT~·~uMJ 
rlsg 
te:1 I~ 

,\RITFLN(BELL, 
"AeRfY INDEX' SXCEFD~D 36 JJ\ fUNCTTG.N- !3;\:T~); 

·· end 
enc er-r! 

f::rncedurP ;x~ort 

var .- . 
Pl: ~ORDTYPE(DECWORD): 
PS: ~h~UTYPECBI!S1: 

beaii"l 
. Bl.F(L~N~RD ~~ LbCATION; 

·~ g :__ ;.,;,nr,'l'YPP. c q f'"'-<.:.) • f-H • T" - 1io - "~ !., .. -.l"' t-~ .... .. ~_., .. '· ;,_-;...: $ ... '\. , 

PS .BTTVAl, [D IT i!U~-l] : i: }\Jt~tt.lV1"\I.lJE; _. 
Fl ;~ W~POTYP£CryECWORD): R~: 

- ~ f 

L0CJiT1(1E := R . .l~fU1.JL\1fJR.D 
ena SETLHT: 

t::rocedwr; ~.X'nort. GETBTECFPD~H'IDFDdntener; _ 
BYlRNU~iiYP~DYTEr 

var 



beoin 

c~.He BYTE'NUf.1 ot 
By .. TQ; \~ftfJTF~D·trD.T{D :; p_~3.-;Bv:r~o.; 

WAATEDWORD :: RJ,DYT£1: 
WANTEDwnpn == B3~DJT£2: 
WhNTSDJ~RD := R3~BYTt3 

enf,i 
·~end. G£1 B-'TE! -

Prnced~r; ;i~ort SETBYTE(BYtE~u~:TYPEBYTE: 
~E~BX1E1inteoer: 

- var l:.iCCATitN: inte9er): 
_ .;var 

Rl:_ -'·PBfJT"YPS(DEC\,JQRI~); 
R~ z Jo 0P1)TYPS 0.1:1!.£): 

heoil"l 
PLFin.Jr:t-rono ~;:;: L(1cAT.tbr·J; 
F3 ;: wbROTYPE(GYTEl: B1: 
ca.5e BYTEHU~1 Of - . 

tl. y.;, :_1 ; 1 R ~ t-1.. V rr r, • ..- ._-,_, ' ~.} ........ -'~·-J...l. .. -11_ ::::: 

~Yli; R3.BYTGt := 
rlYi2i pj.ByT~2 := 
i! :<er '3 ! P 3 • D Y TE "3 : ::: 

end: 

nE~~n·YTE: 
N f-~-~J t)'y T £_: 
fi ~hi I' Y T.~· ~
NENBYTE 

,: Rl ; ~ t•JfJRDTYPE CD.E:C'·10BD): R_~: 
IJJCA r Ir~il :.:: PJ .FULL~·lORD 

! 

·e~·no. :.;E·ra·vr~: 
-~ro~edJ~a Pi~ort GETwbRD(fRQ~~CR~:inteQer: WDRD:TYPEWORD; 

--~- ___ var 1'JA1!TED:inteoet); 
var . . 

f. ~.R:l; t-;l!!-<DTYPE ( DSCL-JOHD); 
P2 ~ _;;0TVP~(Tn~whRn)r 

·-- ""' -r~ ?!.J .._.._...., "'"~'""'"''"'-! _,_,. ,, . 

:~ _:.:... .neoi.t1 
ni P•,:·l·- f·,,;o·,nD •:;: F'nn?-H·Jn_Rn· 
C"· .4 ~:. ,. -1 .' [~ n c r ~· - ~ ·- I 

.:1::=- ~ _ =:£:<.2_ .!·:: 1vtn:~ DT YPE ( T.DC ¥1!1f{lJ) : ·K -~ .: 
casP. >WPD Of 

---~ · '-h'i·T: ~.J"iNTF:.D ~- R? :!.-E.PJ;;!r-t?J"• ~n-~ ~- .!w. . .o....; ........ .:-r r· - .. ~ ~.- .... 11~---··~- ... :o\. .... ~ ...... , 

<~If. liT; :.;ANTED ::;. H2 ~ n tG HH!C Rl) 
:end. -

end GErwbrc: · 
': .t:iocedur ~.- ~xoor t SETltJORfl(HORNJCM! TYPEi,JO.RD: 

r'J t;: >:H~p r< n : t n t e a E:L: . . 
Y i:l.C Jit CAT ID n: f:~tt·e 9 er) : ---- .... - .... _ 

- ..... . ---- -· 
var I • - -

. i""-_., :-_;.;P,.J:! --~GRDTYPE CD£C.-l,JUHJ2J (--
.. B2~ ,,iJr~rryrscroc~~-onn): 

. .::~ =o.eciin 
it ~tR~~pM = TOTALWORD 

-~ ~ --- ~ t.tlt• n LOCltTIOJi !-;_ .tJE:.if1.~JGR1] 

else_ 
" -.t: ... c.;.1.J r 

R1--F!!LUJ0BD ;; LfJCfi'TION; 
• . • ' f" ,_ "'. - • 

;1?.. ;;::; \•IORDTYPEcTD, ;•JUHr!); RJ; 
ca~~ ·~0Dr-<Df.JU!·i of 



tEI<'T: R2 •. LEFnJDPD ;::: 1Ji:Ji'\f1Flr"; 
~ tf;JTT! .R:2 "R.J.HG1i.T1~lQR.D ! = l\l[~t~J\~f11-<!) 

e n:r : 
'R 1 ! ::: l'iORDTYPS.(nEC~'Jnf<D·) z R2; 
t nr ~-T TQ.;i\l • - ,.., 1. ;:;··iJT.~T.\>}fl.l(D .. 

:t.-· · H .!.. :, J • - f\ l. ·• 1..- · .. ~ !w -.,J • • 

. 
_Pnd 5E1~0PD: · 

_-Ptoced~~P Pi6prt S8TPRTY(~EWVAIU£~1nteQer: 
V~r_. vrft~~r~N~i· t Qftr)• 

.. l.Jl,...._\_1-'- ~. t.L~'-• .n-.e ;;t; -, 

var 
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1 ""!;_\' "'. " .... - ... - ,.."' """',.-'T"!·T0.~l-tt 
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p 1 L ~ R 'f y ;,, s .!< ; ::: '.J E t'J v AI..~Ff.: ; . 
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R1 :~ ~~'POTYPEcn~rwnwD)• ~10• i .. n~t~-Ir~M ;~ R1.~~r~~~1-n~RD; ~--_._, 
WRlT~Li~ (; 1oc~t i,o~~" ,_ hOCA'.f:JOY.:J 

_ enc .St:r PtriY: 
?-~rac~dura Pi~ort CuMrtE~ENT(~OVD:inte~er: 

var 
F3: ih~nryPP(BVT~)· 

' -:-· ... ·- - - ..:.,. .. ~- ; ' 
R2: ~ppDTYPE(TOCWoRD)~ 
Rl=~~O~DTYPS(DECWbRbl: 
l:!jf,t~ner: _ 
Ry: ~.;-QnDTYPE(Ei1T.S): 

beain 

S EI..E(~ TOR; C OrJ!P sEJJE(~'r; 
var CO~P:inteaerl; 

I !:::: ~t;· 

it f-~E;l~ECTOR :;:: J:YT) cr CSEir:CTOP - t·JOI~DS) tnen 
teoir ... 

1~ 1 ·• Fl!Lht·rrJfH). :~= uORD: 
R~ ;~ wbRDTYPS~HITSl: R1: 
"'.r1~1·; ~ 9 t cn·s.~.ITVJt~rn) 

·~o :r ;= r ~ 1~ 
! ::::_-r·· .. 1: 
"b5!t: I <> 0 do 
tlccin 

r:g';o:f:rVALfi1 z:.w not (RB.B!TVALCrJ)~ 
.. ~f ! ::. I ..- 1' 

§nr~ 
;. - • ... ,..FL'PC·rnR· ;c ,.. .. r?'}_~f"!-¥- ~ . \,..,. .. _Q,;_ 

PYJ• ·~ 
h t·.,.·.c ~n 

P3 := WhRoTYPECPYTEJ! RBJ 
cll•1P ::: RJ. f} '( T.E 'J 

2 



• t:nd; 
.,_\Qf!DS_; 

ht!CiD 
Fl2 ; ::· Nb RDTY.P .2 ( T-.CCFtHrD). :: R 8 : 
cbMP := F2.RtGHTWOPD 

-Pna· ~- ~ - ~ 

e.nc _ _ 
else wniTELNCDELL, 

var -
V r.; r~ ' "" I ~ • ' ·· t 'J<=> r . 

M ¥ U J f ~ · ·-- 6 !.,) " .. Ll.1 e ':-. ~ I 

F 1 ~ J:'Oi~ [)TYPE (DEC \<JOHD): 
"2 • ;,;~""'T"'Pl;· ( 1~Ji'<=" • f1."_"'* ~1:,J.t"\J../ .. I· 4 u .-.t:.tJ• 

1:-eai:J . . 
PC!"f.SD~D :=: O; 
if r~EG~CTQR = ?YTl or CSEtECIOR = WbRDS) 

rhpn J :: 21 
~-~~;. ·~ :- rta¢· .. _, 4:.i' ~-· ;.J .. - /.~ .. ~ • 

1i 1 . F:Ji.jLvJURD ; :: v!ORD: 
P2 ~= wbnorYrscniTSl: .B1; 

.for ~I Ir~ 1 to .J 

•. 

r o K? • B It VA IJ [ l J : = H 2 ~ 2 I 1 V r~ L ( lJ] : 
R; : __ ~~on-J.~nl vcnErWORn): n~· 

t .. - :tli t_.l ,£.'.... l ,. ol,....: . t ~ .._ ~. - - • .. ' ~. ; 

€ X '"f E ~J D E 0 : : H 1. .• F 0 T..1 I..~ t·J 0 R_ D 
ert.:.:. • 
e.l -~ e L·rR 1 T E }; N ( lJ E I, L , 

•error l" ;;~~cior :selector;DYT fer byte :wORDS for ward~) 
end EX'! nnl ~ 

~ r 0 c e d u r f: P x o or t r,.~ s 1li F T ( I ~J P TJ 'I ,, HJ f: t 1' IC.N s ~ .in t e q e r ; 
V?.r SiliFJf<:D:J.nteq~.r); 

Vel! 
Pl;· v:nPiHY:PE(DECi'lORD); 
Cflo o";nr·~P-~cn·lT~)· .- r;.ior 1.~ d 1 J,-{J ,U •Q' . .. 
Jt Jt intcqer; 

t~_ea in 

- . dl'l 
teo.ir. 

.3 



~ 

Eot .1 ln 2 to 35 . 
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~ .,.i ... 

r, J! inteQer: z 
.. :.F 1 ;- ~ORD1'':tPE: (DEC-woRD)-;-. ~ ~ - . 

P?; ~OROTYPE~BITS); 
neai11. · 

Pl~FfiLi.~)ORQ := tNP.UT; 
np~~- ~;Or'n'ry·pFcnrm.S)• R1• 
l"" :J -··-- ~"" • t~ ....... . -- ·- ·-·. J. - ,.0 " ..... _, - ., -
to.r T in 1 to PrJsiTIONS 

.. - dl"l 
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end:_ 
FJ ;~ wbRDTYPECDECWORD): R~: 

. SliiFTEQ !:: Rl.F!lLLl:iORD 
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iunctlan e~~ort LOGANnCWORD,~AsK:intecer) return inteqer~ 
· var 

. i ...; ... 
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nno -~~~'fVD~(qYT~)· ~ l" 0,. '~'i ,__,!}-(1..1 J.,. •.-l t..- .J.. 'u .r 

'"b.e,oi n 
rt:·.1r := o· 

; ;., 1 F r', ; r. r.J o"1 ~, n ~ :.: "~' P 1,1 o • 
.1"" • - ~ ~.J j. -~'S ' • \ .a... • .,... """" ! - f 

R8 i: wbRDTYPECAITSl: Rl: 
·' ... - ,; .. 
:tor T _1 it .1 to 35 
.. oo_ RR.EITVALnJ ~= BXTC\"lc;qc, I) 
~R1~ .. : .. -: _ ... !.,Ji1R[)Typf:>ciJECj:!_f1J~_D): RB~: 
TE~p ;~ Ri.FULL~bRD: 
_r.ety r n TEHP 

Pnd lOCAND~ _ 

-
and BIT Cf'L~SK, I ) ; 

:tulle t~i-o n· € ~ cc r t LOGDR ( lcH..IRD, +1A Sf{: i.nt eQer) return integer; 
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var 
l:i lnteQerJ 
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~~R~~ W0RDTYP!(Bl1S)t 
b<HJ!n __ . , 

Bt.FUDLWORD t~ WDAC: 
R8 :::: WORP'l'YPE(BITs.H R U 
for I in i _to 36 . . __ ~ _ _ _ _ . _ 
__ d9 ~8_,BtTVALtl] _1-:::: not: .C~a .• al_T_VAJ;l_[l] )J ~
Bl r; WO~pTYPECDICWORP); RSt 

._returb_Rt.FULLWO~D 
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0200;; 
021QQ 
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023on 
024QQ 
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md~u!~ .. FlLEOP oQ_t_ionSO('V.EFSlON ;:; NsiM, .Qf;f AULTCX.TJ~· 
include MEMnRy, IDS!S: 

• "'1" -·· 'f, 

tvge,_ . . ~ " _ _ .. __ _ ___ ~ 
YJEWTYP£ Q tDECWORD, TtCBYTES, BITE, BlTS)J 
WOFPTYPE '= ___ _ 

Pa:CJ<ed r~cord 
. r:ase V,IE1tt1'Y.~E_,ot .» , -,. 

DJCWORD:. tFULLWnRD: int•gef); 
TDCBYTES:_(JUNRl~ 9~•~ 3Br _ 
TDCBYTEt, ''IDCByT.£0: 0. '" 3778; 

. ,JUNK2:0,~,3J3J. --
T0CB)'TE3, 'TDCa'J'r£2: 0_ •• )'17B); 
.B,¥TE: CDUMWiBYl~l 0 , • 17BL _ _ ---~--

. ; B¥TE.3,, e:~IE2, BYTE 1, B):TEO i 0 , •. 31JJ:)) J 
·BITS: (BtTVAL.: Poilt;ked .arra:Y. tt ''·" ~36l~of .. ,JlOOlQan)_. 

end WORtlTYPE: 
-~ _,.,. ~ 

v a r -- . . - . --- -.. 
HSRBIN, HSPBIN: B!NAFYFlLF:; 

-."ti$ETE:XT., ~&PTEXT: '1F.X.'rf'ILF:;. _____ _ 
;ri rQc;;~dUre exPort IClJOSE: 

.beg!n . . . . .. __ _ _ 
if not (BIT(HSRSTAlUS, 21)) 

.,, . _ then _I(}FITEtfiSR, 100000£D ______ _ 
Prnd lCLOSEr 

·~r~cedure ·exr>ort oc.ribsJt.: 
·- • ~ p ""' 

b~gtn. ___ _ 
1 f. not_ CJ3IT_(HSP S'I ({1 US, __ .21) J 

-·-~hen IORITEtHSp, 1C0000Rl 
'd ocT crs· ~ · ,. ~0 . · - U · · c·1 J. . · · - .. ---,. - --- · 

cr"cedUte export IFtLt::cF'IJ.JENAHE:istT1ngC9) J -:· __ _ 
·oGTtLAC::boo1e~n>:. .. --~------···-- -----~----
becin .,._ 

' ' . -_- ... -.....-.-J<;LOSE t . __ 
1 f OCTFLAG ·- -·-
-.-c .. then REsE't (HSRf!IN., FILEN.AME , __ ·-· __ _ _ ___ .....l:;. ..:o-=.... 

e1s~ BESET("SRT!XT, ·rrLENAME): 
~- lDH ITE C HSR, 0 l 1 ~WB 1 TElJ'lC~HSRSTATI,)S;;_'., :HSRSTATUSJ "-

,,.~Qd lFitl£1 _. . . , · 
:.croeedure exoo.rt. OF tte rFli,iENAME:.str ing (9,).f __ _ 

bG*fLAG:bool~anl: 
be·oin 

9c;;tos£:r .. 
if _OC'fr•LAG _ _._ --~- --· _ _ _ -~ _ . ___ ~--- -- -~-~ -

theri REWRITE(HSPBtN, FILENAME) 
eif;e .FEvJBITE(!iS.~.T~XT, rt,LENAMEJ.7 -·- ____ ---~·----.-·-~ 

_. io~ITECHsp, O)f 'WRlTELN{~HSPSTATUS;;"', .!CJ: 6 1 HSPST~1.'US) 
, ~ ~ri~ OFil.IE' _ _ .. ..- ·- __ _ .. _ _ _____ ·~ ----~ ~-

·riro6edute ei~ort LOADF!LE(OCTFLAG~~ool~an; _ 
,,.. .. .. .FlLENAMEJstring(9Jl:-"-- --· ---

ll********** ****** ***'* **·!t** * **** * *** ** ** ***'***** ********* 
**'****1.¥** ·------ ---
__ t). ·. ..i -- --- .•.• 

' loads an .absolute~ binar:Y ttle into simUlated.·cot.e.:. \ __ _ 
iTQCby~es are in t.he fc. r,mat (JUNK 1: 0 ,. 38; 'TOCBY·Tf;t, TP 
Cfj)'TEO: 0 .. -~ _ _ ---- :.---~ 

H-37781 JtJNK2: 0 ,. 3RJ "'IDC8YTE3, TDCDYTE?.; 0 •tt 

377B)s\ _ _ _ 
var. . 

BYTECOUMT, BYTEVAUUE, t, CKSUMt ADDRESS, tOMPBY!~~ 
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o649f! 
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068QQ 
06900 
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071on 
072QQ 
0_?3QQ 
~1~QQ 
'\075 QQ 
076~Hl 
07700 
OJSQQ 
079QQ 
oaooo 
oat{?i} 
Oa?.oo 
08lQQ 

. 084QQ 
08~QQ 

.086QQ 
Oa7on 

~::i~ 
090QQ. 
09100 
092Qn .. 
093oo 
094~1fj ~ 
095on 
o_96gi} 
097QQ 
098QQ 
0990fl 
100QQ 
l{)lQQ 
102QQ 
10300 1o4oo 
lQ.SQQ 
lOl:IQQ 
1Q7QQ 

. 10800 
•o9oo 

lt1id.Qfj 
•ttQQ 
J 12.00 
1 i30i; 
it4QQ 
115 0(1 
ti6QQ 
1!7Q0 
11 a {)o 

i 19 QQ 
l200fl 

COUNT, -----
WA~Tl!DBYTE# Integer_: __ ~ 
Pi# W0RDTyl?E(PECW0!1D)J-
EJZ ·wQRDTYPE(~Y:tEJ.L~ __ _ 
~6~ ·wQRDTYPE('r.DCB'tlES): 

orpcedure .GET!PC!rftE t ___ _ 

t.=;: = = ;: = = =;; =·= ~~ = =: =: .. = : .. ;::·::; =:; :::~ ~:.::,::~·= :.:: ;:·;= ~ :;:; \ 

~tttis Pt:,~cedur~ r.eturns--th~ ~-nc::x.t~ TOCb~t~ e;ch €1-m~ 1 
t _is Calle _______ . _ _ _ ____ _ _ -- -- -------
_.9\ 
var ____ --~- ___ _ 

Rli WORDTYPE(O!CkbFD): 
begirl _ · 

if OCTF,:LAG 
_.then 

bag~n _ .. 
l t .not EOF CHSHtdN '-~ __ _ 

.. end 
E!ls~ 

then RYt!~AUUE ~::GET(HsRBIN)J 

begfn _ . __ . 
B-¥TEVALtJE ~~ Ot 
BYTECQUNT l;:. C-BY'J~COURT~t .1 )_:mod.4i 
·ease BYTECOUNT of . ': 

. 0: .. ---
b~gin . 

if.. not fjCJF(HSRB:tNl . _. .. - -
th~n Rt.fULLWOR~ ~~ GET{~SRBlN)J ~ 

R6 1:11!1 :t;OFD'IYP.E(,:'Dca.y'IE$).:-R1; ~----~· 
.. BYT!VALUE ;~ R6.TDCB~TEO 
end r ~ _ __ _ __ . ~ _ 

1; J)Y'J'EVAIIUE i::: R6.TOcsy'l'E:tJ 
2: BYTEVAliUE . :::: J~6 ,'.t'OCB.Y~F;:Z: _ 
3i BYTEVAUU£ ~~ R6.TDCB~TEJ 

end .. __ ---· 
-~.end . 

_ end G!TTDCBYTE;_ 
~e~in % load~ile \ 

B)'TEC0Ui~T j ~ _ ''! .. J: . _ ~ __ ~ ~- __ ____ _ ________ -~-
R~SET(H~R.BIN, 'FILE~A~E);. _ . .·. , . 
}:IRITELN c 'Loadi.ng ot _.!_, __ rUJENAME, ~ .s.tarJ;s _ . 'J ; __ ~ __ --_ 
1 oop . , _ . . , . . _ _ .. 

llYTEV.ALUE : = 0 J COUN!_j:; "0 J ~DP.RESS,..:.tr= -'0 :-- _ 
While ayT£VALUE ·c~ 1 
~ dO GETTDC~_YtE; ___ ; . _ ~. __ _ 

CKsOM i: 1; 
~ET1'DCBYTE; .. _ . ____ _ 
CKSUM_ i: CKSUM ; B~~EVALUE: 
GET'1'DCBY1'~J ---- ---
CKSUM i~ CKSUM +~B¥f~VALUEJ 
COUNT i::"J!Y'l'EYAT.iUE "!_6J .. ~- -~. ____ ~. ~---·- __ 
%re~son ior aYT!vALUE~6 isii!rst byte contains 1ti~c. 
-on d. bYte~ i __ _ ___ ~ .- ~- ____ ..,, ____ ___ " ~ ----. __ _ 

$ just 19n<'tEfd, .. l r<i ';Sfid .~.t:n :bytes _,are. used to :_cal_ 
c:u lat~ count (.th~ number_ of ~byt;~:;) 1 5t.h~and 6th_,by.te: 

s ~te ~sed . . ~ .. 
_to c;ucul<Jt:.e -start _··'1iddr.es.s.\. _ 



1 - . - - -

GE:Tt!DCByTE J -~ .. _ • 
CK$0M i• CKSUM ~ BYTEVALUE: 
COUNT i::.COUN"l' + ... J~Y'f';EV;A.LtJE *- 256; 
GF.;T1P~tr~T£: . 
CKSUH _ i ;;:;: C:KSU:~- _t BYT:£V,ALU£:r. 
ADD~ESS ~: 8YTEVA~UE: 
GETTDCayTEL __ 
C~S~M ;=_CKSUM ~ B~TEVALUt; 
ADDRESS :~ ~~~EVALUE * 256 • ADDRtSSJ 
1£ ¢OUUT < 0 
. then 
begin . _ 

wJ~trr~tN c __ %_ aEr~L, __ , • ,Loader blocK _t-co_:_$m.aif~_)·; 
_return 

.end _ 
else . 
be-qin _ 

if cbuNT > o then_ 
tor. I in 1 .te .COUNT ~do_ 
b"ain 

.GETTOCB.YtE, _ _ _ _ __ 
CKSUM J~ CJSUM + BITEVAtUE; 
t~RlTEBYT.E (.AOORESS ,_sYT~VALU£ ).J 
ADDRESS i: ADD~ESS + 1 

end: . 
GE'l'TOCBYTE: 
CQMPLEMEN't CCXSUH, BY.t , ___ coMPt;4YTE) J 
qiTRTECCOMPBYTE, BITO, WAN~!D8Y!E): 
11 BYTEVALU~ ~> -ANT!oBytE 

then · 
b~Qln - . - ---

WAITELN( % BiLk, \ _ 
~ - ---- - - - ' ~ 

error in IiOAOmF tloek or !RANSFE~ block !)J 
return ____ _ __ _ ---~- __ _ 

end; 
1 f _ C 0 UN 1' _ ~ c_ !) __ 

then-%transler bl~ck\ 
bealn . ~ ___ ~~ 

li not {BtT~ADDRESS, 36)) 
_ __ _ then .. _ _ . ___ _ _ __ 
be~lin 

TtFG~r.rr_L'\DDF ESS '· 0.) J ___ _ 
_ .exit 
~nd 
el$8 
begin ____ __ _ _ _ . _ ---, ~- _ 

WRI!BLNt % BELL, ~-No st~rt \addre$S'); 
r~turn . · 

end 



end 
< ___ end___ _ ___ ------------~ __ _ 
end: 
' iooP s· ~, -~ ---~ _ ------~ -~--~- -- --- . -- -~ -

~"_ijRITt::Lrfc % "BEI..~L, \ILo.=,tding ComPlf:te") 
.. . .;f.n-Q. -LtOADf..J-LE.s ~---- ~- _ ...... -- -~ .. . _ _ ~-- _ 
:~rpcedUte ei~ort DUMPcoaEGlN,DENO~lnteger; 

QCTf'L"G: booHHtnl_L. _ _ _____ . ~- ~ .. _ _ _ _ -~-~- ~- _ 

'*******************************~*** .. **********' 
ift;is p.rocedUnL<dumps -,abs-olute. -b!nary __ !lie JrL_tcL t.he~:usr_ 
~~iiied i . . .. . . 
, . .11e\ ~-- ---~~ - ----------- - ------ ---- -
v~r _ _ , 

1 1 _J, TEl4p,_ "EQB)'TE., ~COHf'.BY.TE,_ TEMPDBEGIN,_CJ<SUM;-
.. iotegijr' · · 
cegin ... ~ . __ . - - ----

CKSUM i~ i: TEMP ~= o: 
J£;;f-1PDBECI~ := PSEGUh 
if SITCHSpSTATUS, 21) 
--~-- .;. then 

be91n_ _ . 
WRX~t;:LN ( %. 11EIAt;, \ 1 H$P riLE .NOT CREATEP •_) ;

-~ _ r~turn 
:~n(J; - . -
PUT(HSPfHNt ilr ·PU1(.HSPBIN, O)# 
1 f OC.i'FLAG_ . __ ___ _ _ __ _ . . 
h •• then TEMP ~= CDENO ~ ~EMPD!EGIN + 1) + 6 
elSe_TEHP ::6: __ 
GETBT£CTEMP, BXTO, ll; 
GETSTE ( TEHP; !3'X Tt, ~) J _ ~ _ ~ 
CKSUM ~~ CKSUM + ~ + J: .. 
PUT CHSPBiro~, :t) J ·PU! (:HSP.BIN_, J); _ 
:~a;TF!TEC'T.'Et·1P08EGIN, t:nTo, ll:. 
•GETa·~·E·c~~¥POBEGtN ovTt J·l· . .! . .!. .. "" p ' . ' , 0 ~ . , ~ f --- --- --
CKSUM ~= CKSUM + I ~ J: 
PU'r ( HSPBtt{, I): •f.lTJl fli SPBlN~==:J )J 
~~lle TEMP~BEGIN <~ DE~D 

;· .;;· 
.do -

beqin _ . 
MREIDBXTECTEMPDBEGJN, ~REGBY~E)J 
CKSVM ;: CKSUM ~ RIQSYTE: 
PUTOJSPBlN, J~t!iQBYTiJ.f - ___ • _. ---· 

__ . TEMPDBEGIN 1;:; 'l~f/?DBEGIN + 1 
epdJ ____ ... ___ 
COMPLEH1ENT CCJ<Stp~, B Y't, . OOMPBYTE); 
'GETBTE CCQ!WB'l!E, BYTC 1 _I): ______ _ 
PUT (liSPRUJ, I), 
!Loot .OC'l'FLAG ______ _ 
. then OCtJOS£ 1 
wRITELNC._% _Br,;LL, ';,riumpf.ng _cQmPle:f-e.~ , __ _ 
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12:s4:44 
12:54i44 
t;l~S4f53 
--1~; 55;! 2 
.12:55:12 

*if END** 

'"*~u;;t\Jo;* 

**ENDiHt 

•~ 
*4iEND•* 

Iit?D~T 

liBD~T 
ld~HSG 
L~MsG ... -.1 ., 

JiPSUH 

' ., ..:..:-llo!!i 

Ucer 

... -- ;-·--
FILEbP Seq, 2212 Dat~ 18•Mqy•82 12f55:12 

• • .. --<o •- ·--·-- v-·-·~.~ -·--- .-~-~- -

* * '* •L 'ii l S 'P L R u n ,L ·O g '* ·* * 
(1PTLSJ ipis·P.~ veision .10~_(2,263) runnf~;-ico~~LPT!Oi; .18•MaY•8 
[LP'l'SJS Start~no "JOb. :FILEOP, Seq #2212 1 . r.equest .cr~at~.d .:tt: 1 
[LPTS'I'F. ssart ina '.fi· i le DSKC i f'lLEOP .DIP<OS'7> [70, 105 ,OVGJ] 
tLPTFt!F:. P'inls.h~(L'f~int inq .t'lle DSKCi F~LEOP.11 D.IP_<05.7,> { 70, 105 1 0 
Spooler runt.ime o .seconds, s J<Cs, 16 dt$k reads, 4 ·pages Prin 

-
do,t05J 

. -· - , . ----···-·- ---
l<RISHNA 'Jo·b FUIEOP ·Seq, 2212 Date 18"'Mt:Ay•82 t2;ss:12 

-·- - ·----~--- -- - ---· 

' .. -t.~~ ---- - - . - ·- - ~----~--..._ ~ ~ -.-- -- ...- -· 
UteT' l<RlSHNA £7 0, 1 OS l 'Job FlLEOP S~q, ?.212 Date. P3•May .. a2 12:55zt2 

-- -· 

- . ·-- --
u,;er KRISHNA c7o,tosl Job FU.~Ei;)P Seq, 2212 Date 1_8;M~y~a2· t2:s51i~ 

--=:;_---~ -·~- ----

• .. ..-~· lrl': 

KRISHNA rfodOSJ User 'Job 

·- - -- - ---------
-~- ---

\. 

__ ... --~ 

-
'Job 

' -
;:~END~~.-~:,;;; I<"RisHNA r"7o* 1os1 'Joe- r-t-tEo_Ii_s~q. i212 -na-te~ia:r·iay~ij2-t-2:~s-si12 

·--· -~~ ·- --· ----------1 
! 

I 

. -- - ' ~ - ~ -· -~ ____. 

'JOb F'!LEOP Seq, 2212 Date l8eo!May""92 .12:55112, 

·~~. ---- '- ·~ .. -

F'ILEOP St;tq4 .. 2212 Date t8""!\aY•82_t2:ssi 12 

-· --~ -----~- ----·-·.~·~· 

FtLEOP Seq. 2212 Date 18 .. MaY•8;,. ~1:2:55: 12 
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·Jot REALS seq, 2179 D~te 18•May~82 12:42;50 

I< 
··' 

K RRRP!, III _ssss 
t< K R H I s .. 

Ji _'H __ N ___ N_:__A~A~. 
:H 'H N N A A 

K K JL __ ,R I s 
KKl< 

--

RRBR I sss 
~ K R R I s .,. 

l< !< R ·til. I s 

_j:l __ i_H NN ___ N __ JL ___ A __ . 
HHHHH N N N A A 
.H '-fi __ N ___ :NN AAAAA -
:H 'H N N A A 

t< K R R tu ssss -- H ~H _ f{ N __ A. A 

··--·~·-~- -
RiAL~ seq, 2178 D~te 18•M~y•82 12:42:50 

- ---- --- -- --- -------1. -

REALs seq, 2179 O~te 1B•May•92 12:42:50 
--·~ -~ 

-

---~START* u;;; KRISHNA r·7od05l ·Jot REAjJg--se-r.}, 2178 Date l-8;;!>1~y~---t2-;42iso 

--
'Jot 

-- --· - .. ~ -- ·- - -
Rf:ALS seq, 2_!78 Date 1B•May•9_2_12:42;SO 

........ ,.. .... - ·- . v ~-~ do 11 os1 
---- -· ----- -- ' 

.,. --··- ·-···~-

*START'~ u~er KRISHNA 'Job REAtS seq, 2178 Pate 18•t1ayl!l_82 12:42:50 
-- "- - --~~~- - -- -- ------ ~ - --

---·· - --
)( 

., 

·• .. - .. - t:J; ;; ··- ~· -
C7"o~tosJ 

-~ ·-- - -. ------ -- -- -----··- --- -·.·- ~ 

•START* 'KRISHNA ·Job REALS seq, 2178 .ll.ate 18•M.ay•82 12:42:50 
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oijo~~o~o6iiiiiiit1t222~222222333J3333334444444444Ssssss~sss666666666677777771 
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···( -

mo<hll e RF!.Ats oPtions evERSION _;:; NS.lN., DEf.AULTCXT) 
incl~dt! --~tf.AoRy, IOSYS: 

·v&r exoort ,. __ - -~ . - ----- - ---- - -
CLKSTATUS,~KBDSIATUS, HSRSTAlUS,_HSPSTATUS, TTYSTATUS, 
f<BDSUf ~ HSBBUF, HSP-BUF ,_~T.l'.YauF.; _integer r 
KSOCHBt ~har: 

CC)l'l$t ~x:~ort:.. ---·-- -· ____ __ -- . ---~ 
HSPPRTY -~- t: HSPPRTY =; 1: J<BDPRTY ;; l: TTYPRTY .~ 1; 
CLI<PRTV -:; 6: 
liSBL9c,~riPN -~ 6013 J 
HSPLOCATION -~ 648; 
KBOL~~~Ti~N : 71B: 
'rTYLOC~TION ::;: 74BJ 
CLI<Lb~iTtbN o 3108: 
STI<t40CATION = 4B: 
TRjL~~iri~N :: 1tiB; 
BPTLDCATION -~ 146: 
EMTLh~i~ibN •: 208: 
IOiL~~j~i~N ~ _24Bl 
FESL0CA1TQ~_: JIB: 
lL.LBUS :: 348J 
lOEUFsiii ~ .. 600J 

. HSfl :;; 17.J66()BJ_ 
HSP :;= 177664f3: 

- KBO ··::· !ii6JOB1 
'J'Tp :: !1!6.Z4B; 
c X.. I< -~ •. 1 1131 oa: 
HSfll := !J'i661B: 
HSR2 - !176628: 
HSP) ;:: !176638: 
HSp 1 '!~" !. 77~65Ih 
HSP 2 .:: t 776668: 
HSPJ ;= i77667B.: 
1\.801 i= llJ6jtB: 
KBD2 - rZ76728r 
Kf,3Q3 ;: !l7(iJ)BJ 
TTf.l ;= 1776·759: 
TTP2 ~ !77676Bt 
'T'TP3 '~'" 117~778: 
CLI<l = t773118r 
ff.Q~JZt ~ 7,~: 
lQSlZE : 25J 

·eonst . ·~ .. _ . .,., . 
REGO : !27740Bt , 
REGl.:, t:77Z~28t 
HS~TltM! ;: !000: 
HSrTtM~ ;;: lQOO J_ _ __ -
TTYTIMF.. :: 1000: 
TR~J:t!If\'E,_ =u j6: • 
KBDTIMf -:;: 1000' 

. ·.· LINEFRFOUENCY ::: 1: - _ 
type . ~ .. . .. . . 

V IEW'fX'et!i # CPECl;ORD, __ tnc_wopp •. fliTS, . BYTE, 
!IJOPDTY~;:E ··;:. 

- .. , ... +; ....... -· 

pao~eQ recotd .... __ 
ca~e.VJEWrYPE of . , . _ .. 

·QE{!WpBD: CFOLLt~ORD: _ lnte-Qer); . 
'1 OCt,JORD; · ( PUMHY tTDC: 0 ", 1 7B 1 

LIEFTWORD, :FI:GHHlORO: 0 ·•' 

PRtOfUTY)_; __ -



-B!TS (BITVAL! Pi!C.k~d-:ir~r~y ti . • 36) of boolean) J 
-P.YTE (DUMIWBYT~i _o_ .•.• _liB_:_ __ . _ . . _____ _ 
~ -·-··· E}'Jf.f,~. BYT£2, BY"r,J.i;1~.S~!EOi 0 ,, 377f\)J 
~~B!OiqTY; CI~!~f.l~E_B_: ,O_ .••.. t7_7_1_7J7777'B; ___ --~- _____ _ 
·PRTYMASK: 0 .... 7B1 

_ • ,,. ..... ___ IGNOBE9 i .Q _: ~ . 37.8) 
end 'WORPTYPE J 

var 
~V~!'i'ttff. AD. i~THEAP. 1-'"~E~EV,EN·tPCINTER, f'R£EINTP01Nl'ER i _ ~----
1nt~'ler:., ... _ .. _ · .. , .. 
GEVEN'f,t INK:_array [ o , , :E!J~ :ttBL~o f _ tnteqeJ."; 
QlNTLINK; arraY [0 ~. XOSIZE!l ·Cf tnteaer; 
CLKFL~9i .. bqole<1~: l ... -. ,. ~- -. --~ 
OEVENTt .arraY [0 •• ,EQSI_~EJ •cf integer: 
(JEVENT'~ I~~~ array [O , • :EQSI2~] ·Of Jntec;erJ 
GEVENTr;BTY.:, arrev [9 , •. Ji:.QSitE) •. of intege.rJ 
OINTPRJJ!_array to.~, tGStZEJ~ef_1nteaerJ 
GINTVe~: .. array to •• tQSIZEl qt tnt~Qer 1 

_ot,;o, I~Tvg;~,_wANTEm10RP: .lnteqer: 
Proc~dur~ ~xport IN!TEVENTINTSr 
· beoin .. . ~· .,.-_. ~ ' ~. 

fO~_l.Jn 0 to EOStZE • 1, 
_ do_a~VENTLI.NK[IJ :r~ :t~t _J: 
QEV£NTLINK[EQSlZEl p; ~ 1t 
... .:. 4- ·~ . ' 

:f9I:.T.J.rLO.to IOS.IZE "'1_. 
:do. QINTLHH< [IJ i= I + 1: 

QlN~tiNKtiOSIIEl i= "'J: . .... . .. -· ... " ~ - .. , 
tot T tn 0 t~ EQSIZE do '.,; .... .. 

-be<lil'~ .. ·.,-.. __ , 
OEVENTTIME[l] ~~ O: 
QEVENTERTYtJl ~= O: 

... Q~vENtril it: o 
tnd:_ ~·· ~ . 
tor I in 0 to IOS!ZE do 

- . Ill - . 

beojn·"·"· , ... -
QJNTPRTY£11 t~ OJ 

__ GjNT~EC[I] ~= ~ 
end• ~· .• .t- • ._.. , ·r 

:QI/0. ~ r;, 01 . JNTVEC .:.:; 0 J . --~~ _ _ 
fR!E8VFNTP0INfER i= OJ FFEEIJTPOlNTER t~ 0 

----.·~.-~ __ _.:!., 

. -~end I'f:l1Tt;Y~f'ITINTS:. ~ .. _ __ _ _ ___ ___ _ _____ '" _ 
Proced~rP exnort INITsTATUSBUF 1 

beoin ...... , _ .. -;-- _ _ _ ··---~·--- ~---
~scstATgs :~ 0: TTYSTATUS ~~ 200B; CL~STATUS i~ 2008; 

_ KBD6Uf _ :~y 0;. ~TYBUF' p:c_O J .. :Jl:jFBUF _n= _0: _ H$PBUf' _ ;i=c...OL ~ 
INlHRAD :~ -~ 1: EVENTHEAD f= • 1' 
CL{<r.tA:g_t=.trUeJ.." _ -----.~ _ ---~_ .. ____ _ 
')15~S'f A'J'U$ t ~ 1 OOOQOB: Ji5RBUP .;:~ 0: 
HSP~J ATlJ§ ~-;;.· 10000013_: Ji$PBf:JF_;;_!;_:O.: 
~BD~1~TU~ ~= 0: KBDBUF t• 0: . 
'rTYS1 ATU;} :;: 2009.: TTYB_UF i=: OJ 

. CL~iTATUS i;: ~OOB 
... en~ I~tT$1~.TUSBUF: - . . ... - .. _ . ~ --- ·-- - . 
ProcedU~@ excort BITSTATUS$!!(BI1NUM:inteqerJ. 

'NE'VIV.At,UE;boole<tn; ... ·~·--. - _ 
-tOCA:rrou; i.ntege:n; 



F1 'fA'DRJJTYPEcDecwbRDl: 
.PQ ~b~DT~Ptc~ttili . 

heoin 
1 f j i .,,<;. BlTNUI,D .-~nd -(E~TNur! -<;·36) then-- ---

ca~e-~o~ATIDNTof. . _ . _ 
r<ao: sETBIT ca ITNuM, 'Net.; VALUE, I<BDsTATUSl: 
-JiiR: sETBlTCBITNUM, ~NEv;_vA·TjUt:, .T.TJSTATUS): __ 
r,LJ<! SETBlT(BITNUM, ;NE~VAl!UE, CtKsTATUS): 
'!!SBi sET.BlT(BITN!J_M_, 'NE~<VALUE,_ HsFsTATUSJL 
}~SP! SETBlTCBITNUM, ~E~VALUE, HsPs!ATUS) 

__ eot:! 
E'lS~~
bCtli~ 

IYBITE~N(BELL, ·. 
~!~de~ EXCE~OED 36 IN_d:)itst.atusset .. P.~PCEDURF.;;).:_ ~ ~
l,"eturn 

_ ._end .•.. -~----· ___ _ 
L_end if1St~~USSEI: 
Precedur~ ~xoort MCLREALS~ 

neaiti . 
.. ... .f'/1" ~ ... 

tot_ 1. Jn. o to. CF':QsiZF.: "' lJ _ 
dp Q~VENTLifJK C I l :.: I ·i _ 1: 

QEVENTT.!Nl< [80SlZEL := ".lt 
~ . ~- - . . 
for~l jn.O to (lQ~IZE -• 1) 
-~ do_ QTNTLINX EIJ :;: I + .1: ________ _ 
QINT.LpJK£iOSlZ£j ~::: • 1L , _ 
fREE£ VENTPOIN'llt:F!. ::; 0 J EV.ENTBJ!:AO := · • 1; 
FR!EINiPbiNT€R i~ Of lNTHEAD ~~ ~ t: 

_ J<aos:ri!·i:us ; ;;=; o: -- . --- --
TTts~A~us ~~ 200B: CLKSTAT~S t:: '200Br 
i~_ot,lt i~ITOfSR.STATtJs, 21)J ~ -~- --~. 

thfn FSRSTATUS. i= 0. 
else~HSRSTATUS ;:~ 10:000flB; _ 
ii ~ot ~@ITCHSPS~ATUS, 21Jl _ 
.. tb@.n ~USPSTATU$_ ::.: 0 _ . 
else.H~PSTATUS t= 1000008 

_.end MOt Ri~~s r . _ _ _ --~ ---
Proce du 1.,'4!1 _ e, ?,Cgc;H:' t gNTEREV.E:N'J: ('DEV tin~ e-ger: 

Tll"E·P~TYd.ntegerH ____ _ . .. . -~ _ ----. ___ _ 
._ENTE~S MAXIMUM OF EO~lZE EVENTS IN tHE QEVENT 1LlSt \ 
var _ _ , ~ .. _ 

.CURRENT, NN!w: integer: 
b~91n , , _ .·. , 

or,o. , = ._.; o, . 
. ~CURRirj1 ;::: EVENTH~AD:_ _____ -_ --
NN€W~ta O: . 
it (,rJ~Y :: HSR) and (Blt_tHSpstA'T.U$_, -21)l __ _ 

..... th~n 
beail'l . 

WHiTELN (BELL, ;H-SR- NOT -R{ADY --~ ,-,--
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._ SPJlMOtH!(fal$e, ZRUN_r:'.Q!lE_)______ _ 
end; · 
l f (Q ~y _;;:: HSP) ca;d _(_flll' (tiS~S1 A'!.IJ.S.,_21 J ) _ 

_ then ., . 
be a J" .. , _ _ __ . _ _ . . ____ _ 

ijRTTELNCBELL, ~HSP NOT READY •): 
~f=lMODE(faifie, .ZRUNMOUEt _ 

enf1~ _ __ . . . 
w!l~~j!!-~CUI~RENT >;: 0 do, _ _ ___ _ 

1£ C1:lf-1E > OEVENTTIM.E(CUPRENT]) Or c(TlME:: 
OEV£NTTlt.1EtCURHE~T _ . __ 
11 !~d CPRTY < QEVENTPR1Y[CURFENTl)) 

_'"" .. then __ ___ __ 
be~in • 

1CLO .z= CURRENTJ _ _ 
;~U~RiNT i* QEV!NTLtNK[CURR£NT] 

E!ri~- -# ..... 

~~el$e.exit: _ 
if F~i,EVENTPQINTER >= 0 __ 
.. ,. t}"HHl 
beolr. . . _ _ . 

N8JW. }? FREEEV!NTPOINTERt 
f~FE,VENTPOIN!!R := !OEVEN~~tHK(NNEWJ1 
It CIIR~ENT # EVENTHEAO 

if., ' - ·~ 

-,,,.than 
beoin . _ 

;q:vE:NTLlNI< CNNEii 1 J:~ :f:VEJJ'l HEAD.: _ 
~;lv~N~HEAD i= NNEW 
ene.,. 
~n-~ ~ -. 
bed 11"! _ _ _ _ _ _ ___- . _ _ _ _ _ ___ _ 

'!2t:Y~NTI~tNK [NNENJ _ N; !GEvF;NTt.tN{( tQLPl; 
__ l(?fiVEN'fLINK[OLDl i::: )~Ntv;_ 
f!fil'l; 

:Or::VJ::NT tNNEW l :·::: PEV f 
QEVENTPRTYtNN£W] ::; P~T\'t 

---' OEVENTTIME [liNEt-'J] t= TlME: 
~nd_.,_ 
els~. 
beat, 

_ .... w~iT~LtJ.,~EL~, ~? EV~N~~Lis'l_lOV:ER'~~ELO\iEP __ f)_:_. 
__ SETMODE(fal$e 1 ZRUNMODE) 

.... >end ., . ~- _ ,r- ___ ___ _____ __ ----~- _ .. __ .. __ _ 

. ~nd gt:flEB~'[E:NT J __ .. . _ _ .. . _ _ . • _ _ 
. P roc~du r~- .. excor t £NTEIUNT£RRT.JP1 c l!:J1V:Ec ,pRf)! .; lntEr9er) 1---- __ 

-~ .EN'J:Et:fi_THE MAjitH1UH OF lQSIZE OF INTERRUPTS IN 'THE .cn;NT 
~:RRUP-T LIS -- -- -- --- .. -- - -- ----
T_\ 

v ar _ .. . .., .. _ __ _ . 
~URRENT, NNEW~ inteQer; 
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beair~ 
- CU~R~~jJ! i = INTHEAQ' NNE'~l ;:.:. ·0 ~-pt,;_o-· J'~ 01 
wh11~ CUBRENT >= 0 

·""' .. ..:cic . 
if Pf3TJ . < ·QlN1'PRT"i t~U!Ul EN.T.L 

.,. ,..then 
. bepi.n ... __ _ _ ______ _ 

t~:Lg __ :: Ct,JBRENT: _ _ • _ 
-~CURFENT ~; O!NTLIN~[CU~BiN~l- _: 
$n.~ •. -~ ..... 

Jv!l~~vexltJ _ -
if FI~E!NTP01NTER >• 0 

___ -~-~~then 
beatr _ 

Nr;ttrw_ i;::: __ F~EEHlTPOINTER: ____ _ _ _ __ _ _ 
_ fe~~tNTPOINTER ~: Q(N1t!NKIFREEtNTPOlNTEFJ 1 
if CUf.U~Et!T ---~ !NTHEI\0 ____ _ 
_ .. , ,.. then 

.. be~ 1 n _. __ _ _ 
IC!NTLINKtiNEWl r: 1NTREADJ 
lNTHEAD :;:. NNF;\~ 

1;.· ~~- . - - - . ••• -

'r.t~ ... 
. ·fl.! l!~ ~ 
beo.1n __ 

!f.XNTJJ+Nr< tNNEWJ, :;: '0tNTLt~K [OLDlr __ _ 
.;QINTLINK[QLDJ ;~ NNEW 

_ e ~ d.J _. . _ , . _ _ _ __ 
'0P~T¥E(; (NNE~] :;; INTVEC: 

" :.QINTPRTY [NNEW] i;; PRTY 
-~nd _ 
_ ,elsg~ -~- ·--
bet.Htl ... ~ _ _ • _ . _ 

.. WRtTf:LNt~ELL, • '? JN'J:EFFUiP'l_,.LlST.-O.VE~t!!iFiiOWED 41 lt 
_ 'ETMODECfalle, -zRUNMOOE) 
end.-~- ... ,~ . ~ 

. end E~I!BJ~TERR0PT} . . 
t: roce dur~ excort Ionom:: c event llnte9er l f-~ ~ .. 

var 
_ .cui ;;,·t1~r; 
beo in.. _ ,. _ ~ . 

-case.-event of 
H.S~ i~,.~ ~· 

·beg tn, . " , _ --· __ 
if not fBlTCHSRST~TUs~ 21)) 
;. .. ., theO 
beoln 

BEAOC<l:H) 1 % .needs.'c:lar1£ieai1on ______ \ ____ _ 
tl$RSUF ;;_; ORD(CH) ,_. ~c~oc"o•):_ _ -
if ~ot CHsRMODE) an~_(HSRBUF~= Ol2B) _ 

then 
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begIn _ __ _ __ _ _ . . .. 
~ETBIT~21t true~.ijSRSTlTUS)f 
%. ~lose inPut_file -~ 
WRI1'EY~N (8Et;1!, ; :ENP , '(if;' "" LlNE ON BSR ~): . 
SETMODE~ialse,_zpunMbnE·) 

·eQd 
else ---·-
beQin . , . .· _ . _ . 

SETfH:T !25, f:at :se. JoiSRS'IATUS H 
§ETBITt29, true, HSRSTArUs): 
l f BIT (HSRSTATUS, .3 OJ . __ 

then ENTERI~TERRUPTCHS~LOCATION, HSRPRTY) 
__ end 
~rs~ .. 
till§ fl . - " -~ -

i. t, Bl'.P CHSRSTATUS, .. 3 0) ··- .... -
• _ .- . _then _ENTEJUN!~RHUP.l (·HS~LOCA.TlON 1 HSRPRT.Y.) __ 

~~r;td: 
liSP:. 

;;;~in _ -~ 
li ;ot fBITfHSRSl•tus~ c21}) 

~ ~ the.tl _ . . _ .. .· . 
i.f. not CHsPMPP:E) .and ~(H5PBUF .:; 032B) 
-· ~tnen 
beQin . _ ... -- ___ --~--. __ _ 

S~T&It~21t t~ue, MSRSTATUS): 
-~ ¢lose.ou.tPut -flle ~needs Cl«u.if.ication. -~ 

---' ·- ....... "' 
~nd ---- --
else 

_ _____ heCJ!n ~-, -----~- ~ 
WRlTECHSPBUF)f. . .. . .. _ .. . ____ .._ .. 
~ET8I'l:'C29, true, .HSRSTATUs).f--~--------~~-~ 
if 8lT~30, H~RS!ATUS) 

t h en _ ~ ____ ______ 
begin __ ~ ~ .. 

ENTE~INTERRtJPT rHSRLOCJ\TI'ON, l'JSPF:!RT.Y.) 1----
SETtltT(JOr ·false, :HsPs_TJ\"IU~) .... 

end -·----- __ ---~- ~--
.,,;~nd 

... (!tlii~ -------
beg tn . _ . .. _ . , .. 

1 f Bl~CHSPS'l'ATIJ$_, ~:tOJ _____ _ 
then 

be<.Jin . . .. ------ ______ _ 
ENTER lNTt:~RtJPT ( HSP~:OCif'I tON, ~HSRP.RTY) J 

.• _SE!TDIT(jo, ~ f;alse., .JiSPSTATlJSl . ~------
.,~end 

• _(!nd 
·f!nd: 
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r<sij !.... .. ~ ------- --- ---
-~eain 

-~B[)OUF- ·;,= ORQJ~BDCHRlL_- ---. 
Sl!TBIT~~51 false, :t<BCSlA'1US): 
§l;TEilT(~9 1 .,.true, KBD.sTA_TUS).: _ 
If BJTCIBDSTATUS, 30) 

_ .. ,. then ENTERIT{TER.EUJ?l (.l<Ar.;niOCAT IoN, J<BDPRT.Y) _ 
-~'(d! 

TTF: _. 
::,.., --~-· .. -

·beaio_ _ 
+ -~HlTE CTTY~U~J 1 _ . _____ .. _ _ __ _ ____ _ 
§~TB1T(29 1 true, TT!STATUS)~ 
j t 9ITC1'TYSTJ\TU§,--'-30) _ 
~ .... .,then 
b e·g in . __ -~- _ ~ ~ _ 

eNTE~l~JT~RHIJPT CT'I!LOC~JTrON, 'TTYPRTY) J 
,_. :SETBJ1'(30, falseL'TTYS.'tA'tUSl 

-,. -~bd 
¥ .:~ J;td I 

!'!Lg """' ... t.t,·~ .,; 
-~eqin -

§ET,lT(29, true, CkKsTATUSl: 
~~!<FLAG_:=-~ true J 
if BITCCLRSTATUS, -30l 
-. ___ then 
be·ain 

~NTE:B INTF;RRfJPT CCt·KLOC7lt DON, Ct!<PRTY), 
__ SETBII(29, false, CL~ST~TUS) 

_ .~nd 
.,.:!U)dJ... .... 

_ ot~el'Wi se: ~RI1ELN C§ELL, .. --~ . 
. , *** ILLSGAL DEVICE tN IODONE *~*') 

__ end~--·-·,.,, 
,.end IQCO~~~- . . 
Pro~~dur~ ~~port IEREVEN~f 

var 
_x;~I~teqer: 

beo1n. '-- r ,.., ~ a;, 

··~-

.. --1 ::HL. 0 L '" , . 
whil~ rEVENTHEAD >: 

EVf;rJTHEAOJ) 
QF;V~NTTIMEt 

._ ..... - do 
beot'i. __ _ ______ _ 

I., . .t =. EVENTJ;IEAO: , ~ ___ _ 
EY!~THEAO t~ O~VENT~l~J[gVIN1HEADl; 
OEVENTLINK[ll := FREE!VENTPDINTER· 

J'FEt=i:v?NTPO\tN'!_\ER ;,= r,~ _ • 
~ IQCONECQ!VENT[IJ) 

.,~~nd, _____ , .,. __ _ 
f!nd -SEREVENT: 



Proc,dur~ ;i~~rt SERTRAP(~bC~Tl~fi_iint~qer)1 
var ·-·.o-.... -

FE9WORO: . integer r __ . 
F 11 5t\ORPTYPE CDECWoRD); 
R2 t ~ORDT'tP£ C'l'DCWQRO) .1 

heoin 
ior i f~_iRAP ta_BUSTRAP 

d~~~~TjRAPC!al~e' I)f _ . 
GElwq~o(~t=;G[tl"' 2t R!:GH'.t, .. WAJ~tEDWORil)j 
~RlTJW~~oiREG1, W~NTEDWORD)f -
WRIT~WORD(REG{t], PSVAt);_ . _ . 
GETw~'~PiR~G(q' " 2, RlGHT, WANTEDWORDH 
wRIT¥.l4Pf3D ~ REG1, wANTEDwOBD 1 , _____ _ 
WRlT(WQRDtR~Gtll# REG[O]); 
MREAOl'WRD CLOCAT.lON, RElQlfJORD) t _ 
WRIT~W6~ri~REG0, REQWORD): 
MREACWflFUl fLOC AT lON +- 2 ,_ :.RE)CliORO) 1----
~RlTIWOBD(PS, R!aHORD); . 

. SEJTJM~iBEALTIM~ ~ ~R~PTlMil 
- s.nd SE:eTE~~: - ' -- -

P.rocedurt! ,exoort SERINTERRUP_ll 
var --~ _______ .. ... __ _ 

lt~CPUPRT¥; ifiteoer: 
R 1 ~ 'li-QB01YPE CDECtJOl:H> H 

-~9: WORDTYPECPRIORl!Y)J 
be-ql~-- ~-. 

l:_ : ~ ' {)J •. ' . ' - -- 0 ' 

B1~fUL~~ORD ~-_PSVALr ..• 
B9 ;:= WO~DTYJ?l:: CPB;t,ORITl): :R1J _ _ ___ _ 
CPUPRTY :~ R9~PATYMAaK; 
:'~I~ItEr~N ( ?PSVAL= .i; J'SVALi 'cPHPRTY:?, CPUPRTi, _!.. _ I~lT,H ~ 
tAO=: I, INT 
, HE~c Lr'\, • _ _ , _ _ _, · _ ~ ____ . . 
~~RJT~LNJ!QlN7PRTY[tNTHEAD]:;:' 1 QlNTpFTY[lNTHEAD]);\ 

.. if I~TlJt:AD >: 0 ____ _ 
.;then 

J,e~11,l'l . ..,._- - - -· - - ·--
if w~i t _ and (CPUPRTY ,>:; !UN'tPFltY [ INTHEAD]) 
.. ~.,,;t;hen . -~ - -.- ----
be~~~~-- • . 

~ Pt)PR'l'Y :;: I) INTPATY tlNJJtEADJ _ • 1 J ______ _ 
~e~TMASKPRIY(PS, CPU~RTY) 

f11j,_iJ- ---. .. . -· --- ·----- -
If CPUPRTY I OINTPRTYCINIHEAD] 

""' ~,. o· 

..... .,then 
bet.< 1 n . .. ~ _ .. 

$ETfL~G(f<Hse, ZWAI'f,'J: 
T r::::_ INTH~AD: 
J NT HEAD : i: <HNTl1IN.~tiNtH.EAD J.: ____ . 
~at'WTLINK[Il j;; FJ~EEtNTpOINTER: 

7 



·~ i~~EjNT~Ol.N.!El~ i:_:: _tJ~-_ ~~
·RETMODECttue, ZSPMOUE)t 
-SERTPAPCOlNTV-EC Ul l . ' . 

ent'! 
end_ 
else 

it"~~it ana.c~vENTHEA0.'->:::;0) -~- ___ _ 
.. t he!'l SET'l' lME (QEVENTTHH£ tlVENTHEAD l) 

end SE~ iN'rERRUPT J - -- ·--- - __ · . .. ~ -
~rocedur; @xoort bOTRAP: 

v a r . _ . "" .-. _ 
p T~APTYPE: 

b a g i tl .. , _ • ~ ., . " 
·wh!!e TR.PFLAG do 

1 f ~ ~llSTRAPFLAG. _ _ ___ _ 
.... ~ t D«H1 SERTAAP < !LTJBUS) 
e 15 E1 ~ _ . . .. . _ _ __ _ 

i£ ATRAPFLAG . 
_ . ..il:len sEBTriAr cFEStocAl.tcN.) 

·Pl§f} ~ ._ ... 
1 f. :ILLT~At'F'LAG r _ _ . 

~ .. then SERTRAP(LltLBUS) 
el§e .. . .. _ 

ti STIAPFLAC . 
,,_then SEATRA~'CBPTLOCA't~Or-J) _ .. 
elSe 

it STRApFI~AG . , _ 
tHen sERTRAP(S1Ki0Cktl0N) 

... -.,.,. _ . else SETTRAP(false, 'TRAPJ~-- __ 
. end D01Raft . . ·- .. 
PtOCfildur:~~ f~Qort ~OBEAD ( ADilRESS:.int.~Qer: --· _ 

var 1ENPt1nteqer): 
begin., ~- ___ . · .· .. ·-

·case_ ADDRESS Qf 
. Hsso: i1uw := HsRsrAtus: _ , _ , _ __ _ ~ 

HSR1! :GETBTE(t-lSBST.ATUS, EY11, Jf:MP): 
. . -; 1 

)15~2.1._. " \.. 
,.,f!QiO . ~ . . 

$ET8IT(29, telse,_ itlf)pStA'TUS)_J_ 
• ~-jEMP :: HSRBUf' 

..;·~!)~! 
HSJ:I3t 

-~e~I~- _ _ _ ___ _ 
-~ETB'l't: ( USRBUF, 8'iT1, _ "rEHP) 1 

, .~ETBlTC7, .false, HSR$_'l'A'rUS) __ --~ 
.:~t)dL., __ . 

H$~;., TEMP . n• ~ HSPSTATUS J _ ~ -.- ~- _ --·~· -~--
HSP.t r :GETBTECBSpSTATUS, :.BY1t1 "tEMp): 

.. ___ Kf.lO! TEMP. lil KSDSTATU$:~ _ ___ __ _ ~---
KtlCt; ~GETBTECKBP~TATUS, ·EY1~, '!EMp): 

a 



......... " ; 

KBQ ?,t. _. ... 
l'!eain 
-~~TBIT C 29, .:fal s_~, KBOS'l ATUSJ.:_ .. 

_ j;EMP == KROBUF 
-~n~ t 

r<sQ. lJ.- -
·~egio _ . -

sETBITCfl9 1 £alse, :KStSlATUS)J 
.. j;ETBT£!C~BDBUP', B''Y_Tl, · T£t1P) 
~~QdL , .. 

!TP: ~EMP ;i TTXSTATUS: 
lT~ j; ·;aeTB'FE (TrxsrATus, sY11, 'TEMp', 
C.LI<: TEMP ... ::i CLKSTATUS:. 
C~f!ii :g~;TBT£(Ct.KSTATUS, SY11, 'TEMP): 
ott;~r.';!ise: 

·.r..et;Jln . . 
s~tTHAPE·true-, ~TRA~r:. 
§~TTRAPttrue, BUSTFAP)J 
J .. f DEBUGGlNG 

then 
be·gin _ ...... . 

WRITELN(aEtL, 

iTlll-fE OUT FOR Df;V Ice ADDRESs- wHII.tE REAOIP~C ·-~-
.:_to, .. ____________ _ 
ADDRESS); 

.... T.EMP .. :;:; 0 
.. ~end 
-~nri 

end ........ . 
end 1013£ADf 

Proced11r~ ;xcort 
var 

ri,b~ 9!e~nr ...... 
R 1 ~ '~ PBPTYPE ( DECWO~D) J 
F): 'WOROTYPECBYTE): 

_RSi ~biDTYPE(BITS): 
beai". .. ..... __ 

L-=~ f!lse: ...... ~- __ 
case ADDRESS of . ~ t' 

"HS~ !.,,.; . __ --------~-
-~eglp_ .. _.. _ 

-· ~-~·· -~ 

!_.:::: Bii'COATA, _30J_:._ ~ __ . _ 
if C not CfliT (HSR$T.AT~S, 30))) ,and ( l) ,and ( (B!1' 

IJSRS'EATUt} L . • . --· . 

... ~9)) or. (IHTCH$.FS'IP\'JUS, 21))) _ . 
.. thep. ENTERl~TttH:tUP7 (J1SfHi0CATIOJ9, HSRPRTY): __ 
§~T~I!C~O, I, HSRSTitUS): 
.. f f BIT (DATA, · ~6) . _ ~ 

then 



be~ln . _____________ ·-· _ 
t!$RBUf ;;: -OJ . . , _ • 
§ETB!T( 29_,_ ,fa l~e, ~F.SRSTJ\'~US ).:_ 
&ETBITC2~, ttue, HshSTATU$1: . 

... . ENTE~EV_EN_T(HSR, :N~AI?I_Iif1E :t HSR~lME,~HSRRRTY.) ___ --
!rtd: ' -

~-' tjETB1TC21, BIT(QATA, 21), jHSRS'IAlUSJ _ 
. ,·eu~ s . 

liSRit r 
HSP~ =- .~ ... -1.. l!f' ... 

~e-!?it;'~ _ _ _ _ _ _____ _ 
!~=! 'IT(DAT~, 30): _ . 
if Cnot C8IT(HSBSTATllS, 30)))_an·<l (l) .and._(.(-8IT.C 

tlSPSTATUS, _ 
~29)) or (Bl_T<~H$PS1A'lUS, 21))) __ .. 

•. ,.,;the~ ~NTE~INTElRRUP1 (<H$PD0CATIDN 1 HS.RPRTY) 
~lse ~ETBI1CJO, I, HsBSTATUS)J_ _ . 

---~ET8IT(21, B!T(PATA, 21), :!iSPSTATT.JS) 
.:~ri9 f - -

.H!.iiPjt J 
~ ..... ~ , 

Hse 2.1 ... -~ 
·beg io 

't!Sl>BUE#:: DA'l'AJ 
SETBlTC29,.l, HSPSTAtUS)r 

.. "'.tNTEREVENTCH$P,_ Rf!Ain:IflE + HSp.T_J!4E, liSPPRT.l). __ _ 
_ .:~Q9: 

Hsp ~.~ • 
KBr!• ...... .,. • ..r: · ... 

hegto-- _ . . 
I := BIZtD~TAr 30): 
if. (not CBIT-CKBD,S,.ATOS, · JO) ).l_:.an._d TI) .artd (BI.T.L .. ~· 

KBDSTATus, 
~-29)) - - - . -' ~ ... 

. then ENTER1NT!~RUP!(K80UOCATION, KODPRTY): 
... _$tTBlTC3o, z, J(BOSTlt'IU.Sl - ~--= _--~ 
:fo~: . 

!<SO 1t t 

r.J,~; 
..... -.'>1 ~ ,J. ~ ., 

.eeo!t~. . . 
_ l jO : ~ BIT C 0 A TA , . 3 0 ) J .. . _ ·-:- __ "' . __ .. _ _ . _ ~- _ 

1f (not 0-JIT(TTYStATUS, ·30))) ,a.nd (l) and (BIT( 
. TTYStATUs, . _ ~ _ ___ _ __ · _ 

-~29>) . - .. . . .. --
.. _,.t:~t:!n. ENl'EJ3INTE.RR_UP.'l('.1tYD0CATJOli,_~T.'J'.YJ?RTY) ___ .. 

·~~!lSe SEIB!TC30, I, TlY&tiTUSJ 
. - 'f1~~:

IT1?1! t 
_ .TT~~-! ... , ... 

-heain 
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TTXBUF t ::_..:PATAs _ _ _ _ ____ . . 
SETBITC29, jalse, 'lT'i51A'fU:S): 

-~--~~N'IER£VENT(TTP, .FEAI.rtiKE_+ TTYTlME, 'TTYPRTYJ ___ _ 
-~{)~: ' 

l.TP ~! 1 
CLK: 

c ---·"' ,._ 

chegir)... -- -
I ::: BIICDATA~ 30); . 
ij ~not (BIT~CL!S~AtU$. jri)))_ 

and (I) ~nd CBIT~CLK$TATUs, 

.. _ --.. theti 
h e·q 1 n __ . _ . ~-- _ _ _ __ 

29)) 

~NT&BJNTERAUPTCCLKLbCATICN, CtKPRTY)J 
_ SET8IT-C29, fals~, CL:!<S'tA'IUS) __ 

IN< •,· " ~ 

~nd: . .. 
,., _,,sET6IT C 30 , __ J;, __ CLI<~t~TUS) 

·A~9 S . 
_ C4.K.1.! ! 
otter.::Y~se: 

-hea1n 
iET~RAP~true, BUS!FAP)f 
§~TTRAP(true, TR~P): 
if DEBU0GlNG 

fi1 en _ WR 1TELN ( BEM~, _. 

'iiMt -bu~ :i~; E~VICE ADDRESS WHILE WF!tiN~;;· bf-io, 
ADDFES:Sl 1 __ 

. __ :fi!lnd 

----~ndJ __ ", _ 
. end lO@IT~t _ 
Procedur~ e~oort KDDS!MJ 

var _ . .,. __ ,.- _ 
.. ctt: -~har' 
be eli n, _ ... _ .. 

CH t~,.ClHHO): 
B~Al;>(CH);_ 
if C~ ... ~? CHR(O) 
_ ,.then 

cb Q 9 !;" , ... -' . . .-. _ . - - -- -
if. QH :: CHRl030l1) .% Ctr1 x \ 
-- ... tb;n SETMDOE~_tals~'- ;ZRtJN((ODF,) __ 
~l~IJ. 
beoin _ . 

~BQCfJR ::= CH_t 
·$1::1BlTC25t 1;t'!Je, ~BOST!TUS) ;, __ _ 

-~ -----....4.-

-$ETE1T(29, __ fal$e, :KBOSll\'li}S); . 
't!NTEFEVEN't (J(BO, . Rf:ATJ'It~E +- J<BOT.lME, KBDP.RTY )_J __ 
t f CH = CliR(OtSB) ;!~ 'CAFR RETURN & LF \ 



...... .. 
03600 
03700 . 
03800 

.. 03900 
O~OQQ 
041QQ 
04200 
043on 
o44on -. 
_ 045 QQ 
046Q<J 

,.A)4 7 on 
\ 049 QQ 
04?QQ 
0509::! 
05100 os2oo 
o:s 3bo 

~ -~----·__,... " 

·FEALS.CCN 

F;N'l'EREVENT ( Keo-:--·FEAI.i-ftMI;: t KBDTIME, KfHlpRTi);. -- . 
it CH .;: CHFH·01SS) ;_\~CA~R Jl~J'_URN __ :&._;Lf__\ _____ -·· 

- - -then-REAO(CH1 . - . - . 
. .., ... end ____ __ 

...• ~nd .. , 
·-;-fi!r)d KSDSI~-'-"-~ "-·· _ __ _ ___ .. 
-~rne@dYre exoort CLKSD~J 

· .t;@9in. ____ ~_ ...... 
1 f CLKF:.LAC 

~ v-~ ~ ~ 

tHen ____ _ 
becJ!n , . .. . . . , , . _ _ _ _ _ . 

E:NTeRF:VE~_T_(~·L~, _,~·F£AfJ'tlMt ~+ -LlNEERfWflENCY., _<;t,KRR'l'X) J ----o-= 
~ _CLKtL~G i:: f.;1J1sq 

.. '" end _ _ _ _ . __ _ .. 
end C1KSI1·, 1 

.~;Q.in_ %_real$. \ 
•. _}5BDCH.R. :: ' "; 
~no HEALS. 

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



12i42iso J;~oi1 
t2i42;so P.~D~T 
12:42:52 J.!Jt'''SG 

~2~43;46 uer:,SG 
12:43:47 IJPSUH 

' -
'Jot REALs seq, 2178 Pate ta~_May•S2 12:43~47 

-~- ~~~ ~~~-~-- --- ---·.------ ·~--

* • ·• ·L -p 'l s ·p L F 'J n · -L -o 9 * ·~ * 
[LPWI,S\J l;PTsP,~ version -1o2c2263) ·runnfn9 _on LP-Tioi-, tS~May,.8 
[LPTs.Js start;1no \lob :REALS, S~q _ #2178, .. -re·quest:_c.reatfJ<i ,at· 18 
[LPZSTF s~a~tlno "Fl,~ 9SKC~BEALS.DIP<057~tJ0 1 105 10VGJ) . 
(LPTFPF: __ F'11'lts,he.c:. Print inq F 1le DSKCiREALS, P1P~OS7>.[7 o, 1Q5, OV 
SPooler runtime 1 -seconds, tl KCS, 32 di:H< r_ett~s, 13 pages pr 

. - -·- ~ ~ ~- ~ """" ---- - - . 
.REAts seq, 2178 Dtt4 18eMBy•82 12:43:47 

.•. ~ ...... - ---- ~- . ·- --
·Jot REAts seq, 2178 D•te 1S.,May•e2 t2;4li47 

** ENf>ittt ,j; ;; K~_IsHtlA f7o, i 051 Jot 
j 

- - ...... - ---· --- -- - ... - - -
REALS seq• 2178 D~te 19•M~y•82 12:43:47 

~· --... ~ - ~-~.-.-~t,._- -~- -~·-........_ __ -~. -- -

REALs seq, 2178 Date 18~Ma~·82 12143=47 - ~ . ·-... - -· -

~-~ ..... 

. ' ._,. ~- ~-· --- -~ ---~- -- ... -------
REALS seq, 2178 Date 18 .. }1ay .. 82 12i43:47 

- ~ - -,... ~ ..... - - - • ._ •• _. - f ~ - ~ •• -- -· ·- ---

Jot REALs seq, 2178 Date _ _t8""'''1ay•B2 12;43:4/ 
I 

;.-~ .,., "'""f 9<10'. - - "~- ~ - - - ~-- .. ~.- _ __,__ -- - ----
*i!END•* User KRISHNA do, 105] J c)tl REALS seq, 2178 Date tB'!'IMCjy>!!!82 l,t43t47 

~ ··- --~- - --·--
- , ...... ~.~ 

KRlSHNA 
........ 

t05l 
- •.. ·-. - ' --.--.------.., ~ ....,. -.···~~ ___,_ --~ -

*'~END** user c '7 0, Jot f!tE.ALs gE!q, 2178 Date 1B•May"82 12l43:47 

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

Job REALS seq, 2178 Date 1B,..May•S2 12;43:47 

-· 

'Joe REALs S~qt! 2178 DClte t8•f>1ay•82 12;43:47 
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mo~ule SfNRUN ~~tions(VERSIDn - ~SIM. 
. include 'PF.AI:S,. DE!<:ODE-. IOSYs:---

ncr Ji_ur.::rcxrr) 
.,.,_ ':. - ~· 

. cor.st e~r:ort 
uAxr-~s_:: 

~-1AXI?~~E~Ji ~ 7: 

llDpF'T.Af.. IN:-;F'LbG, S!'lGLE: l.;oclEan: _ 
l1DPB!< Eil K. HJ5lH~EM~ z arr·,::;v--[TJ:' • • MAXITRF:AK] of in te ge r; 
H~sco~)rr; Qrrav [) -~· J-l:xn~sJ~cLinte 9 er; 
NE~IJrc~ ?rr~-JV ro ~. tt:t>cXJNSJ .f~f st.rln<J(5)~ 

var . . . 
-- ,. f'i DP"'' 'T•''"'T'E" ··o· nr'inr ,.-. ..•.. l':r.t- ' .. --- .. 

. -.. -· ;J ·- • .t N ,:.n<. -. "-' , . t '- .J.;) t:. • "'• I 'e ·q e .. r·f 
tvce e~n~rt 

/-:__ ", r;·Rr.·?I;{T'''-1~:• -- (·z;.l'iPril't:'I\'V· -?·T.!Jf'rr.nt:- 1•,,!!·)-• - '"' ,._.. r..,.~f-\? ·- ,f 1-- r~ -7 •.H J..-'-'. \- .1.}~! ·1 A -•~'·'~' • ~..:........:.: ... ~.ot ... r• .. I.;,.. 1•'\ ·•I ·· ~ _ .. 

~ nRKftAG .:: rz'!1.JSF'f.~!UJ, ZADRFU1( • ZS?NGLE): 
- const 

~ETCHTfNF = 1: . 
r:: ". -, ,1. • ··;· • .+- J-r-'1"-TV~1"nPtll• I tlC€' Ji,lrp PXPOr '- .Jl .•. -~-;,._ . ..._ !.t---·· .----

i'\eoin 
f 0 t r. i.:fl 0 to f-:\1';}{ I D.S 

d o ftJ S C fJ U !i T (1 1 i ::: 0 
·eno trHTT'i-!SCOUiiT; _ . _ 

~rocpdu~~ ;i~ort SETBRFAKCBREAKiEREAK!YPE: 
· B RE I\r~TllrHf NE~'iV ALUS; int eq e r::.:H-

. -
case· f.HIF./d{ of 

Z~CRBREAK~ ADDBRE~K[RnEA~NUM] :; 
2 It\ SI·H; E ;.;i<: 'InS f3i-~E AJ~ [ B HE l;, r: :':IC' qj ::: 

enc 

N E v~ VI\ I. lJ F.: ; 
!-IEt.IVJ\LUE 

~:no SF: rtH<FA K: 
~rncpdu~; ;~~art SET8RKFLAG(FLAG:BRKFLAG: 

'- " 
tl C~.:V ::\ L r:r: zoo o .1 e ~, n l i 
heoin_ . 

·cas? rTJ<(.'; of 
ZI~SFLAG: I~SFLAG 
2A G P ft L.A c;;.:. b.D.BF''L lrG ~ = t-IE -U l/ ri·t·uE·;' 
lSJNGLE: SINGLE 1= NEYVALUE 

enC 3I~·r [~Hf~FLJ~G: . - - -~ . 
Procedt.Jr~. exoort Sl'iur.,ATE: 

Procedorp RU:'l; 

'lH~TRUCTION; TypE1PCDPE; ., "' ... 
be,:Jir ~***'Ht** [~ljiJ *-l1lHH~-'*-ll\ 

'Fit: JTE~.:; (" Sntcred SI:lf:lll\ "); \ 
SE1ADR!9, ZSR~l: 
S£1Annro, ZDS1AD0): 
SEiFibG~~dlSe, zGYTFFLAGl: 
3*•*~2~* CHE:x fnR BREAK • pn~N7 ·7FAP *4*~*·~~ 
d8~T~n~~RITCPSVALt 32), eT~AFl: 
~*M*•**• FETCH STATE ~·~~-•~\_ 
IWRi~fLN('Rea[oJ:~, O: lc, REG(Q]);\ 
RE~owbRD(REG[11~ TNSR8G); 
HJ P I 'T E' UJ c .. J n s r e n : " ! n ~ 1 o , l n s R E G ) ; \ 
GE£;·JnpD(BF:Gro) 4 2, l11Gr!T, ~l~JlTEOH!JJ~D);-
r~ ~(. ~~·"!""' (~ !,1 1~ 'J"~"'~J.:~n·lf .. 'D,.." t1) • 
,., r_ . .. · ~) !" 1 ;--~ ~ t: J !..< v ;: . ·' J; ) ~l ! '· , 

~r·J~ITFPl("Beoi'oJ= ', n: p;, .rn::cron·' 
:~~;f"'T- ;·, ... ·(-·I-'E,"l,'1'~·-•r • FF•r('y1 ~rNJ:") • ~ .•.• 
-.J L· l t 1..- • 11 ·~ 4. - : 1 ~- · ,.._. "· ·w - • . J. - . ,_. f 



i f . TJ31i. P f!J A G ' 
tl~~n return 

:}*lHHHHH~· PEC0DE STT±-'I.E- *iliHHI-il-i~-\ opronr ;:; nEcJof::cLJSREG)t 
H ,;lntFLN( "'Insreo: 11

, ·n: io, :UISREG, " Upcode= ·•, 
·' •. .. f1PCODS): 
if THJ:IPFLl\G 

. l'hr->n return-! 
ii_i~ <_0pCU081 and CDPCCDE <= 

-..... I'·' ~.,...n,; •. ,.,., ronr-n"';:- I•· ~-
1 rJPf1 .. ·~~\,... --U::f·I ;: ... ~ r 'i.,.

4-·.!,..1-_;, ... ~ J. J ~·--

~-·. \o· -
t 1 

€J:z~·
ce~.i.!7 

. ~HHTE(BE:J..,L, 

en~; 

ilAX HJS) 
IBscbUNT(OPCODE-- ]1 

~-lHHHt~HH~ SOU8CE ()p~<':BT\fW f_:\IAT..,U.24TION *****'·H:\ 
:1-~ ~;r~nF <~ 14 thPn • !w • ~) ~ ..... , o,.O !...1 ""' "'f -

eeE=j_n . 
·CPt~ffAiJDS (ld.SHEG, SOUnCt:., ADD); 
~Rttll.Df) ;:: J~rltJz 

'if t;.Df-lf'Li\G 
t.l"J€D 

for K in J. t.o !H<XHF8P~\ 
do 

ii ADRBREAK[KJ = ACD 
then 

heain . 
\•J.RITELN(BELL, •licdress Break·, 0: 2, K, 
~ ~or: n. c •r)~ • qt P.,... • ·n· 6 ~TDPC. I: ;. I .._,; • <J f -~~ ~ &-i I ('• • \,.. I -.! : I 'U ~j I " - ) ; 

SE!!'iODE(fA~Se, ZFUl'i~HJI'lE) 
end: 

~ECUIRED :;;: 0: 
~ 1·J f., :.r T E !J t-! c .. s rca 0 d::. " , '0 ! 1 c , ;; n c i\ n c p \ 
.; . 
if BYTEFLl~G 

;hen ?EADBYTE(SRC~cn. FEQU!Rfn·l 
- ••• r - ,..~ 1i D · 1 n "' . .. t"' .,.., "'"' 1! D r1 - ......... .., ! J I '"'"" ) -· '= 1 !'> (' R ~:. .. ~ • ;' t ,, D c ...:> " ~.. "- J- , r; ~-·· t. t i"' r.. n : 
~ET~DR(~EOUlnED, ZSRCl1 
~ 1 '~:: r T _, Y "' ( r .- ,. . ,. r; • 1 '1 ,.., fl,... ) • \ '! ~\' l ... i. J.. ~ t"..r LJ '.f ,_, J., C _;:: ' ·-- ~ •. r k r' ~--~ <f I 

. __ :..:.~E!THJE CREALTIJ.'\P + SFC1 Ic<'E) 1 
iWRIJELN('SrctiTe=·, S~CJIMS, ~ Realtime=", R8ALT1 
:;v;:) ! \ 

i;: ~n •,PFr,,r. _ _r: 
l - .• ~ t~ .. .... ~"" .. "-" 

~t.:heri: r_e:t:u:rn: 
en·r • _ .. _:::. "'*·:........ dt;)_:C:·t·~~ .· t-·l··on ·orp . ·cl PV 1. "ti n ** \ --- ··---~:: .. -..f~o!l;,•• .. * · _,» ,-J.fL.l•~- • • - .., __ ,_oJ>., --- ~~--ua. o. .-!H!-.'**11· 
if OProoE <= 17 then 

~-- . - -- ~ 

--::. ~~ : - -~: ,- :b e F i D , 

~P~RAHDS(INS~EG• DES1I~A1IO~, ADD)~ 
~£TfrDRCADD, ZDSTADD); 
·~·~ r.[;RfT'AG .l .r'i ~ "'\. :...J rl 

t_hen - -... -for K in n to MAXRFRAK 
do ~ 

i; ADRDHEAK[K] = ACO 



/ ---- - .. 

O: 2, K, 
6, OLOPC): 

end: 
i ET:I HiE ( B£.1 LTI "F:~ + ns.:r li.l" .tJ ; 
~'VIlJITE:J;rl("Dstadri:::", ic:· let, -osr.~>.oD, "J~ealtime::", R£ 
!.!LTH~E)!\ 

.... _ ~;: T~~PFJ--~t·· 
i).. """r:l•- w ~~~-......! 

~en r.: 
**•*~*** E~E~UTE STATE ~*•*~*•\ 

-~~~~~D2~ID~ :~ TYP~QPCGDt~ OP6GriE: 
t-<v~Jrq"'E -( I'-l<>TI<'lC'f'Tfl'l) • .._ r~ \...r .\ .. A , .1.· ""' • "' ....... - -} ·' 

:·~ETTTHE C REAfJT.f.HE + lNS'IIFE J; 
_.,. ~ -
i.f _ JB!d~~-r;AG 

r i:H• P n:: t u rr1 : 
~~~*•*** RECORD IF ANY EREAK•POIN! REQUEST •••••** 
\ 
~.:; r,, •; ""1 R :-l p~ (. p ·r 0 A 'tJ r I '1- r, R T p A I) - • 
"'< • .J ~ • :.., L _ .-... ~ J:' · . l ,) 1"1. ·-· I .. ·· \ • _J • 

t:eturn 
e.nd f< liNt 

r:ecit; ~******* . . 
]l)O(} 

SERCVE:i'JT: 
"EHH<TT EL N ( "'llJ? it.:.: ; I "liH t ) ~ \ 

-i· f': ~ _::, '" ''1. "' 1' +-. i l._.j.l.. ) w I.,. 

_ ~then 

;;;up 
·enr t· _ 

i.Lr;jl•PFLbG 
.rhPD D0TPAI~: 

~Et.( ItJTE'Hf~UPT: 
-~ ;_ <"!t!Gi F 

··-~-........ t,.;. j,)_~ .. ~,,J--

_ M .., then 
·cec.I.'CI 

t~H TTELN: 
i>.:;H TTE LtJ ( 

-"·rr_e ,.,.. .. -l~:c~-t _alt.~: . 
Pcval ID_. 

·,s_tr:.:..:_ _ S:ou H:e _: DS tadd RO'IBJ _ S P·,JflJ -r- SV:ar--- SCvaJ; •-); 
<'RTTELNPlE:PlJC(OPC'CngJ, ·• ', 0:. S, OLDPC, 

, 4 , 0: _6-.,- t1;s~-EG, .;. -~_?., ~o·~ 6, ~sRc, 



, 
' 0 ; 6 , D ;;; T .i1 0 P, _ _ 

• .. r -··~-·-·- -:;· ~~ • J1~:· ~6:,-~ -~JC"if'F~L~,, .• 
: ; • kJ ; 5 , p;; v lt L f , li , V\ ; 6~' 
C.Z'.;. ttLT, f1·c ;;::-,,] .,. p c7 '''Al' 'T'_:,~:=:-- - -

- L..-. !. 1.·· .. ~~ ... "::>.. • ,..,a...V.q~.:) ..;. 1 .. -:'!~ ... ...-.._-t...::_ .. ,~- ~ --- -·-

It , f): 

Sc VA I~) ; 

_.teturn __ -:;; __ --=--· 

- -··- -

-fJ?.1t:- ~ t--pc-- "-~ l) ;, __ 6, -OLD iS(:") ; - -~-

• C !}tU.rn .. _ 
enr.:. _ 
{; r1nt· PUNPOr;!~ L -<:: • - ..,.,_ ~ '\. ~ ~ "'- -...::._ 

_, .. thPT.l return : 
J f. IUS.FLf,G 

end 

~ then_ 
for I in 0 to 

dO 
tf. (m_;:G(O]::: T?lSH~EAiqlJ_) 
. __ then 
t1!~ain 

ViliJTE!ril(DSLL, .. Instrocticn sreak ', o: 2,. J., __ 
;r._,t PC ", 0~ fJ, lil:":G(cJ, "oldFC', 0: 6., OLDFC); 
return 

Pnd 



18800 
1885(1 
l890t~l 
1895fJ 
1900fl 
1905,) 
191 oi1 
1915fl 
t92oi:, 
t92si1 

~930~i 
J93SO 
t94oti 
194Si) 
t95oo 
1955:) 

. 1960(1 
1910rJ 

- 198(1ll 
t99oi;l 

__ [,. 

Nt:MNIC [44) ;;=;; '"f;C~ _ li:. ~NEHNIC [451 ;:; 'EC.R - :"-.-~--~ ~ ~-
NEMNIC[46] :::; "JMP ': NEHNtC(47l ;: 'EXB ~>; 
NEMNlC(48] ;:;~ •otN ;j~~IEHNIC[49l ;::·'THE ":_ 
NEr.4NIC[50l :::; "TGE ~; NF.r-.,NIC(5tl ;;::: 'TGT •: 
NE.,.NIC[$2] := jiTRA ~:_t:IEtA.NICt53~ :;:; ~>TEQ ".; __ 
NEMNlC [$41 := ~'.TLT ~: JU<,;r,,N IC t 55) :;:; 10 TLE "'; . 
NEMNIC [56J ;;;; •TPTJ :#i~lE~t~lC[57l ;;:; ~'·TOC _ - :~. 
NEMNIC($81 ::; •TCC ;: NF.:~1NICt59) ;;:; '"!HI ~;-
NEMNIC [601 ;:: *TMI ; : __ -m;,;r,~NlC (6tl ;.=. "TOS ": 
NEMN1C(62l ;·= ~'TCS i: NJ!;f,!NJ.C£631 ;: '"TLS "L 
·NEMNICH94J ;-;; -svc .Ji Nf.tmxc (65~ 1 _J;:; ~.XPR._f'.; --~-- --~---_- _ 
NEMN1C[{I6] ~-.;::; •tRP t: NEi·1NIC[67l ::: "SETC :~. ___ ---------· 
NEMNIC [681 :~ •CLRC '~: ~H:;m·uc [69) ::;:; "HF.S; _ "'·'---~-- __ -::~ ~-
NEMNlCC'tol ;z: •HJJT ~: NEi•1NICptl p:; 'rWI ~; _________ _ 
Nt:MNICt12J ;;;; ~REI ;: NET.>1N!Ct?3l :::: "EP'I ~: ---------· 
NEMNlC t74l : = 11 MCL I.: t~Et-1N IC (7 5 l ;::; ·~RR 'i 

'gLDPC ; :; 0: 
for_l 1n o to HAXINs 

_ . do IN~COUNT [I 1 :':: ·C. 
tnd snUHJN. 
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--
·:,rot: 

I - -
17.:17:58 -u!;;DAT 
17;4?~58 I1i:.D~T 
t7 : 4? : s 9 L q r ~ r; 

LLPTJ ... SJ TrpT-s Br.: ---~:n:~nd o.n to 2 c 2 261) run nlnq c n- J.JPT 101,· 10 ... Hay ... g· 
[Ll?TSJS startinc Jot .SV'~RUN' Seq #1.641, request createc1 at 1 
(LPTSTF Sta rt1nc.- Ttle PSKC ~ OvG.t 0 l.VP !< 07 7>T3, Jl( SIHRIJN )") . 

l 7 ! -1 ~ : :i. H L ~ f-J ~ G 
17. ~ 1 f!: 1 ca ur.:.s mr -

[LPTfPF FiniSh~~ Frintino File PSKC;OVG1o1.LPT<077>[3,3] (SJM 
Spooler runU . .rne .:tT .. s:econas, --6-.KCS, 1e disk re~ads:i, :5 pages . .p;r 1n 

-
[ 7'0, tO 3 J 

.... - t:'" 

it-'l!£i•lD•* U<:er KRISJ-lfl~ f7Q,t0::3J 

... - ....... 
,Jot 

- 'iJ' .. ,..,. 

U'<er Seq. 

-
~- - .. ~ - -

-- - --·~ - - - ···---~- --

- - -. 
• ~ ·~ •- -~ a 

~ ·-· --
- - ·r - --·· ~- - ~ 

--~ ·--··- ----~····- -

- -.. ~ ~ ~·~ - ~- .. - ~ --·-

- -

-*-lf£ND•·it- u~er KHISHtli\ [70f103J .J0 t. 0lNBUN SP.g. __ l641 :Dste LQ ... i'!ay .. g_2_.L7:AB:lf 

-- ·~-- ~·-

-"- ..--- - ...... 

. -
*-itBtiD-IH~ 0 =: f! r K H 1 SH N A. r 70 I 1 0 J] - ,Tot G'llil~lJN Seq,_ 164i.~D <)t e~.--t.0 .... 1{ai~.8c2::..t::7.L4B:-: .. U 

-
~ ~· -- ... 

- - .,... .. ..... ~ ' ..... """ ....... 
~.... __ ......_....._.___......_.....__....._ __ ....,. •;:;..,•;:;...~::...-· --.... - .._, __.;,.-~.QA..QA..L;f't.,.;;:·~~-"l.o:"W':...O'• .·;._;-~:.....--:....~~" o!:l.I'\.Q.,.,_ur._an_,_,.,..a_l'l. r. f1·f'\ :-'"1 ,, ("\ f\ /"'\ t"\ A !'l :""\,...., 1"'; ~\ t1 11 (If\()!'\ r;_ I I'\ 1"1 



12J15b/69012~456789012345U1°lOiZJ450!U9Ql234 5 01G)Oil3~J616501t4tJQld54l2$1$-1 

J< K R~R(.( .. 
K K R R 
· __ I< K R . ~--H 
KKK fHlRR 

~ K_L'_· R R __ .,--k ... R ·J:i 
K R R 

_III 
I 
I 
I 
t 

-I . 
_Ill 

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

DEKODE Seq, 2169 Date t8~Mayft82 t2t41~28 

. .cSSSS ___ Ji ___ ItL N _N --A-AA __ 
S 'H 'H N N A A 

.S _ :.H ._ J-i. _NN __ N :A A 
ssS HKHHH N N N A A 

S 'H _;H_ __ N :NN AAAAA 
S R H N N A A 

SSS~ JL _ Ji _ N_ tL ,A ___ A 

*START* ,~,;;; KBISIH~A- £·7o,-tOSl Jo~ 
--- - -· - ---- - -~- ~ . 

DEKQDE Seqf 2169 Oat~ 18.,M<W .. B2 .12:41:28 

A-
" ' nr:KOoE _;;eq, 2t6_9_D;'te 1S;.M<lY"82_ t2-:1u2a 

' 

.. '. -- -
Kr~ISHNA r7o,iosf - ---~--- .- ___,-~--- -- -- -

itS TART* Ut~er 'Jot D£K0DE ~eq. 2169 n_ate 18 ... M<;tYeB2 1~:41i28 

' - -- --- - ~--~---

·- -~ --· -- - ~--·--· ~·--- ... ' 
......... [7o;fos} *START* u~er KRlSlmA Jot DEKODE Seq 11 2169 O_ate· 18 ... May !'_8_2_ t2;4U28 

-I 
I 

- ·-- --- . -· -------- - -------- -----.----. ·- -1 
Job PEKODE ?eq, ~1.69 Date l8_!!0May•~2 1~:41;281 

0 1) o.()0oo Oil OO·QOC10 QOOOOO 0 oooo oo 0 oo 00 fl{) 000 0 oo oo oooo 00 00 00 00 00 o·o 00000000 00 000-0 00 0 0 
ooooooooo,J21111111~222222222l3333333334444444444Ssssssssss6~6666666677777777 
1~14~~,RQ~;~iA~~1~Qri1?i4~~78g01?14~67R901?145679 . R 0 



mo~ul~ DE~cQ~ ~Ptions.tV.ER._SIOJ~ ;: NS1~1, __ :_0.EI.AIJLTCXT) 
int.!lude ·~o~EC. IOSYS: 
tvt;~"_exP,~rt~ ~ __ _ _ _ _ _ . _ _______ __ ___ --~------- ______ _ 
.ARI~tl~~ -~ (SOURCE. D!STIHATlON)z 

v a r_ 'xo o !' t ~ _ ___ _ _ _ _ _ _, __ _ _ ~- ~ _ 
DST't'H'£ , SFC'l'H~E: in t e_qe t; 

t;; on s t _ ~ _ _ _ 
R~CAD~ ~ iii740P: 

--- .. _....... __ 

tvPe __ _ ... .,.. 
VJEWlYPE : (ot:;c~o~o. rncw-o'F[,-.-:ioc·s)!TEs, ~8-Yif.:~ BITs, ---

FauRHAsK, ----- - -- ~- -
BYT£SELeCT, OCTHJS~, COZ): 

t.JO~J'1iE f; "'~ _ .. _ _ __ _ _ ____ . 
P<l~klPd record 

e~8; ___ VJEW1YPE of ___ .. -- __ _ 
·CECt~tJRD: (f!JLLWCIHD: 1 nteger): 
"f oc~vORD: CDl'MNY 1 'ti?C;- o -~-•-- 1713; 

_ LBFTNOHD, .RtGHl\tlQRD: 0 .,, 177777J3); 
i1 DC BiTES: ( ,JUI-JK1 L Q _ •-• :lf; 
'1DCBYTEl, TDCOYT~O: ·O, •• 377a; 

_ ., ... ------." . ·lUNK2: Q "• )B; ______ _ 
''H;!t:T-f¥TE3; l'DCnYT~2; '0_ ~~~ l17B); 
~f! YT.E.: (_QU~~_f~~B Y.T~: Q .~~tA- -1~7 B: ___ ~-~ ~ __ .. ~ . ,. ___ _ 
_ .. "' BYT£3,, BYTE2, Bt'rE 11 BYTEO i 0 , • _ 377R); __ 

···~--- eJx,.~: _CBltVAL: paC!<~d ar.ray t1-.~• 36] of booleqnl-
.. end '1.\0ROTYPE J 

l.. V<\\r ••. _-~--, _ ,._,. :. _ , _, .. . __ ¥ • _ 

H£GT'H-t~:.array_ to •• 7) of~lnt;fUJer; 
SRtG, .;Q P~~·-·- SNOOE_, ot:10Dl";; "1 n t eger 1 

Proc~ddr~ exoort INltTlMEJ . 
.nea ln ,_- . . , .. _ . 

OSlTTMIE ::: 0: SFlCT ,t1>1E : = 0 
' ' .. -- ---.1,-- _ _: 

~.end !NTT.'llME: _ _ . _ ---- --'-· .. - -----~ 
f upct lon AnD~ESS (MoDe:. NREG: lntQfje rJ retiJrn tn teger: 

var, _ _ . _ , . _ _ _ .. _ 
sT£P. M _. sH JFi'En, K, REawopn, TEMP, V~ANTEDt'lO.RD: 
J n t ~p; ~ : . _ . - .. --- - · 
lt~BCPL,_IRETQFN~ boolean: 

.F 1; '\:rpaDTYPE (l:>ECW9RO) .f 
P2 J 'v; OnOTYPE CTDC!rWRD) J 

""R~i ~ORPTYf>EC~I1'S): -
t?~ai'{l, . ~ _ , 
__ l_p: BJTH10D£i. 34 U ________ _ 

M r= LOGAND(MObE, ]B)J 
.-i~~i,r£i:Nr.~ :t;;li, _z,_ ~ J1;;_i_, ro,,___ _ _______ _ 

f!OOL i ~ ci) or (not B¥1EFL.AC > or CNR:EG < 2); 
_ It~~:tG:ot .. ·__ . 

~ .t:.b~l) _:S'fEf ::; 2 
el$e_STEP ;: 1: . ~ 
sEn.,~vrcialse, zs?r~oPE>; 

.. $E'!M0D£({alse; ZRE(H4QaE): _ 
·ease J.,1 of '. 

l): ' - ,, .. "" 
·ee:oin. . 

iEi~bQE(~MbDE ~ Ol, ~2REGMODE): 
~-,TEMP :# NREG :at 2 + REGADP 

..• ·~ rH!: 
1 • . - -~'· .. .,.: ~-

-~ealn 



iii:MP :,;; REG (NRE:G]; - ~- --
:~ET~ro~o (Rf;G tNBF;GJ :·~_,,,s~T.E P ''-'R iriHt_,_ WANTEDW(lFtD): 
~tCSET(WAHTEDWOPP, NPBG): .. 

~-- -~ wrtiTELN't~RaStt~r_e_g]:_;;;,, ::b.Lj,o, _£tEG[NREGl )S.~-
!ndt 

2; 
..• '!-- .... : ~ • .t. t''" -- ~ ---------- --- -·- -- ·----

···l!!ec,in 

~~T-rliJRo{nEc-[NREGJ :; -sTEP~ .FIGWT, ~iANTE-o~IORDJ: 
REGSET C WAJJTF.Dl'JORP, _N.FEGJ: 
~Etf:1CJD}'; ( (!l!1EG :: 1), .z SP.lOilE): 

, __ TEMP __ ::: BEG [NREGt ________ _ 
EJnd~ 

l ~ 
--~;91r; .. - ___ ------ -----

BE~owoRP(REGtOJ' REQ\'IOFD.l;. __ 
gEtWORD(REG[Ol • 2, BIGHT, WANT!DWORD): 
REG SET ( ~ANTEDt>JOHD , __ OJ: . _ - _ _ 

• _ t;;ETWORD (REQi-JORl') -+ ~REG [KRECJ, RIGHT, TEMP) 
__ ~ _,~nd ______ _ 
end,. .. , . . , _ 
~WRI7ELNC"Temp:;". O;_ 10, T£J1f).J\ 
If I 
__ . th~n _ !~EAOWO~D (TE:HP, -IH~G\<JtRI: l 
els~_REQWbRD ~~TEMP: 
return REQt-JOt~O 

- ~· end)HJ08~&.S: _ _ , .. 
function e)lPort DEC11DE C INS: !nteaer) return .integer: --'----------

var -~ , . - ' 
_ ~IR9Jt.,-SEC0ND, 0CT3,_ OC:!4, SI11FT.E-D,_;Oc;l2, TEMPi _______ _ 
itl~eo~r 1 ... 
Rl: :IAORDT:YPECDECW(JRO): 

-~}; ·~o~oryPECBY'l'El: . 
beaiQ~~-O~CODE\ _ . . • 

~SHtFTtiNS, 12, SHIFTED): 
FIRil ~~ LbGA~D~sHIFT!D, 17~); ~ 
RSHIPTriNs, a, SHIFTE~)J 
_§~Cb~P.i~~LOGANDisHlFTED, 178): 
. ff F.!R:iT > 1 
_ - . .,.th~n 
beQ,te ... .. . . . 
_ ,fiE1FLAG CBIT CttRsT, 36 )_ ard. CF'J~BsT :<>_<))_.and. CF..1RST- ~ 

' <> 131. 
___ ~-· ZBYIEPLAG)J 
!'e~urn FIRST "' t 

.. er1d 
e'lse 

Lt r!ilST _ = 1 
"·"'"~then 
bee-ln . 

iGETSTE(lN$, BYTO, 1~~P): 
-~erAO.RCTEM"P, zbFFSF.TJ :. 

_;~;~u~~ SECO~D + 48 
- _el?.~'" 

al~~ .. 
b eo l" _. _ 

6SBlFTCIN$, 6, SHlF!EDJ: 
~CT3 ~c LPGANO(SHlFTID. 7Bl: 



pS~IFTCtNS, 9, SHl_F_~ItOJ:.;_ ____ _ 
H;·CT4 :;m L0G:Hm (SHIFTeD, lf'J) J 
;,a$~ OCT4 of.-_ ···-· ... -~ 

"); ·. "'- ,, 

be~Hn -·- ~ ···---- _ ---- _ 
5ETTRAP~true, FTRAf); 
SET'f~Ap(trye,_~TRiun: ______ _ 
i£ bE"BnGGING 

tfien. I{RITELN(JULL.,_ nL .6.,. rNs,___ __ --y-

~ ? RESER~BQ INSTRUCTION ~)J 
return o 

_,and J 
~L 

,. f.• 

4: 

beQtn. • . . _ 
S!T~DRCQCT3t_~SU~REGJ: 

___ retllrn 15 
end; 

.,. - ' . ~ 

if COCT1. ~- 2J or (·CC13 :: 3l. 
. .. ttien 
beQin , ... . 

5E1XRA~~true, RT~AF), 
§f;TTHAP (true, ''!RAP>; 
if.OEBUGGING 

tHen wRlTELNCBiLL, 
~ ? RES!Bv~C INSTRUCTION ~, 

-' ~ - !I~SH-
_ return o 
end 
elSe 

_____ be!Jln _ ·-- ______ _ 

o: 6, 
- .. _____;.,....._ ·- ~ 

SET~~LAG(UIT(0CI3, 36) >c1lnd, (OCT3 <> 7) 1 

... ' 

_ ZBYT:EF.LAG) 1 
. i f OCT j <: 1 • 

_ tnen. ret~,rn loci 3- t _ 10 . 
-~else return :QC13 + 38 
end: 

':' : .. " ... 
be91n c • - - - - -- - - ·· -- -- - · 

SET(i:L!\GC(OCT3 :~ .t) o.r (0CT3 ::: 5), .ZnY:t:EFLAG) 
« .. . . - ,.. 

___ return be ir 3 + 3 2 

A! 
en~: 

_be91n. r·· ~ - -~-····~-
SETFL!\G(BIT(OC'I3. HI), 

t · ·· n~ 1: J t 1- -, re urn. __ ~--- fi ___ _ 

-

ZBY'IEfLAG_); 

.... end: 
7~ 

2 



SE:TFJ.;AG .(!31_tJ·P_<.:~l3 ~- l.6J., .ze_y_1E~LA G); 
__ rjturn oCT3 + 24 
end: 

~therwi .. e! 
.,; .,: ' 
if (SECOND.<> 0) _______ _ 

then r~turn 61 ~ SECOND 
el~e. ___ , ----~ __ 

if fOC'f3 <> 0) 
then -- - -- ---

,I£ COGT~ ~ 1) 

thE!Tl ---------
beqln _ , . 
_ &ETADR(ItOGA.Nt.(lNS_, .378), _ZCOZSBl:- __ _ 

i £.siT c tNs, __ :d' 
_tn~n- retur.n 67 

else retvrn 68 
erid --- -~ -~ 
else return 10CJ3 + 44 

else 
begin_ _ _ . 

R~HIF.TClNS, 3, S'HlFTE'DJ: 
QtT2_i~ L0GAND(SHIFTED, 7Bl; 
i~ 0CT2 ; 0 __ -~-

tnen 
if_ INS < 5 _ _ _ 

t~en retur~ INS -+ 70 
else 
beoln _ 

_ sr;TTf~AP ( t rc~;e, ~FT.FAP): 
SETTFAP(true, TRAP): 
1£ DEBUGC';Ir~G 

__ then 
.beQtn. __ 

WRITELnteELL, _ 

- ------ -- ----,.-

• ? BESEp-V-l£0 lNSTRUC_T:tON_,._,_'Qi 6-
• ,INS); 

return o 
en4 

___ end 
else 

~ - -~ -. ......_ ... _ ... 

if oCT 2 ::; __ _;L ___ _ _ __ ____ __ _ ---~- - ____ _ 
then beain _ _ _ _ _ ____ _ ________ _ 

~ETAPRCDOGpNCCINS, 7B)' ZSUBREG): 
return 69 _ _ ____ _ ____ _ 

end 
e.tsc 
bealn 

~ET1RAPCtiue~-FXRAP): 
SET1'RAP (true, TRAP); 



end 
-,:€n~.L .. , 

_ er1~.~c~sE\ 

it DJ!S,tJG_GlNG ~ _ ~= ~ 
th~n 

J)er,!n _ __ ---·-- __ _ 
l>JRI'l'EJJN CEELL, 
i ? RESERVED_lN~TRU~TtON 

• lNS)J 
0. return __ () ___________ _ 

. end 
end 

_ end. Ot:;:COT)~ t, - .. -- -
P rocedur~ exoort OPEFH\~ms ( INSFH!C.:: tuteger_: ARF.A.:AR£AT¥r'E: 

var _ADt :.integer>.'-- . 
var 

.sHQo£ • ..,DMODE, swrrTP:P: .int~aer: 
P1; 'WPBDTYPECDECWpRO): -
·P2 t -~opPTYPE CTDCtVORO.); 
P!Ji WORDTYPE{OCTMASK): 

beg~n"····=. _ _ _ 
il t!EA ~ SOU~CE then 
be11l.,.,..... _ 

QS~IFTftNspEG, ?, SHir!ED): 
S~QQ~ ;; LOGANncSHIFTED, 7EJ: 

~ ' .... 

AS~!FTftNSASG, 61 SHIFTEC)J 
'~~G-~~ ~OGANDtsHIFTED, iDl:
SR~TJME :~ REGTIME(SMODE1: _ 
~WAITELNC·s~ode~ ~, SHOD~, ~ 

.. ~DC !. APDRl!':sS(sMODE, $REG) 
end .. 

_-Sr_eq~ ", 

e l ~ f: _ .& ~- • 
_tf AREA·; D!STINATIDN 

_,~- ..,. ·~· 
tnen 

be~~"' _ _ __ 
~SMIFTCINIR!G, 3, SHIFtECl: 
'~MfWE. : = i.,QCM1D CSHlF'TED, .7BJ: 
·r. ~EC .. :;: LOG ANO C INSREG, 7E) J 
CSTTlHE :;: REGTlME(DP/,OtEJ ;. -- ~~ -
.; WRITELN c ~Dmod~= ', ·DMQO.tf, • DreQ:; ", 

~~iri~ i~ ADDREss1DHQOE, ~Rf~)____ . 
.. .fJI'jfi ·-·~~ --' 

.end .. OPFRANDSf 
k:et;!in tt :6;.~od~ \ ... 

PF.:GT.H11![oJ :;: O; REGTU4E[1] t~L00t6: __ 
F EG TIM I! 6 J i ;: 0 0 16 : 
BEGTiNE.dl !:; 0032t REGTIHE.[4l i~ •0014:-
REGTlMi! [~J == 003Q: REGTll'1E_[6] ;,~ 0030: 
.RF.GTl~~ i]J"c := OQ46 

end OEKODIL 
- --
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mo~.hJj.e. 1{e;~1QRY -oP.tioris_!_VEB_SctON ;~_nSlH, tH::FAULTC~TJ __ _ 
tpc;J;ud& UTILTY, GLOBAL, UNI, !tiS~$: 

ty~~EWTYPE ;; ('DECWORD ,
0 

BYTE, BY'rESEt;ECT )J. - -

WORDt¥~E = ·. . . . .. , :;:. ·~· .... -; ... 
P~~~td r~cord . ~ 

~af!e_vn:W'FYPE of _____ _ 
·T'J~<;YH)RD: ~FULT,.WO~O: inte<;er) J 
·BYTes (DUHf~YBY.TE: ·o • " 17B:. . .· _ _ 
-~XTEJ, BY1'~2,_BY'fE1, ByTEOi 0,,,.3778): 
-FJYTE:?Et.EC',r: CIGNOBE-L.O ..... -1'777777717771:31 

, _ ~ ¥TE~Eil£C'$!OJ:l: 0 ~ , 38) 
·end ·~ot~DTYPE 1 

var . 
roct-t~r:~i _,;,i-r~Y t~ -·~ -~ r1E_r~~-~~E1 ot lnt:eQer: . 

. .. AReA:--~ l16PBOCEZR r 
f}roce~Urfl ~expor.t lN:tTTPCJ.1gMJ 

b ~9111 ~ ~ ': . -
tot.T Jn.D to MEMSIZE 

. _ do.TQC'MEJ.Hl) i;:; 0 , 
.•. eno lN.I'l"!'l}C:t-rEM: .. _ .. _ _ .-. ~- _ 
Procedur~ @XPort MREADW0RDCADQRE8S:tnteaerl . 

var _ . ~. ~ _ .ft 

I:iJDEx: integet: 
beoio ... .. . . .... ' .., . . 

l~DEX t= ADDRESS d1V 2s· 
ii ~j~ij~i > MEMSIZE) 

,!hen 
beOi!'! 

~R T TELN (SELL I . 

V.ar HEQWOFDi{.t'ltegerJJ __ 

~At raY in~; X .,exceeded Mem.s ize 1n HFEAO.wORo _p!' Q~e,d_lJr_E~ 'J J_ 
. return 
end~ 
else .. -
be9!" ~.- ___ . _,- · _. . 

if BITfAPDRISB, 3Sl _ --·~ tben. GETWQRD CTDCME.M t INDCX l ,_ •LEP:r_,. FEQWO.RD) 
_, ~lUt GET\iORD ( TDCHEM ( lND.EX], :Rf.GJiT, REQWORD) __ , 'n d .. _ .. __ _ ... _ . __ 

.. end MggAT,)ktQRD J 
Procec!ur~ exoort roiREAoBYT_E CAPDPESS: i:nieaer J "· __ . ____ _ 

. var REO&Y~E~lnt~ger); 
v a r _ ... . ·"-- ,. _ __ __ .,. _ ___ _ .... _____ _ _ . ____ _ 

INQEX,~VA~U€; integerJ 
~2 t WOROTYPE (8Y'1'E H 
Pl r '"OPPTYPECDECWORD'l: -
F~ i wo~DTYPEC"BYTEsELECT)_;_ 

beoin 
' ... , . •·· . . -
Hloe:x ~=.ADDR&sS.d1V 2,_ 
il ~~.~~X > M.HSIZE) 
---_.thEH'l 
be a in 

>'iRlTELNCBELL, 

' A rrav i dd·;! "exceeaed Mems t~e i~ ifJJ~EADBYN:: Procedure~) J-
.. return 
end 



..;.. - ·'·....-

·~lse 
~ ..... 

b e ?! r- ,, ' n·-~----- ' . . .. -. 
R1.PULLWDRD t~ ADDnESS: 
~-4 .. _i~ ~?,lRDTYPF,:(BY.TESEUEC•IJ J: J~ 1.; __ _ 
ca~a R4.8YTESELECTOR Of . 

. ., : GETB'l'E(TDCHEM [ HHlEXJ, _S'Y.TO I -REQBX'IE) ;_ 
ii GETBfE(TDCMEM(lNDEXl, BYTS, R!QSY'IE)~ 

; ; cEia1E: <i-ocr4-iM c rNnixi: aiT2·; REoBYT~E,; ~--- - - -~ 
.. j: GETBTE_(TDCt~EM[!]~~EXJ., __ B¥T3 , ... REQ~YTE:)__ 

, ent! 
.-~ne .. ·-, .... ______ _ __ _ __ _ 

end MJJ~ AO~XTE J . . , .. . . --
Procf,!dUr~ exPor~ MRt.TEliOFP (ADDPESS: int·eger t DAtA:.lnte<JerJ, _ 

var , ~, ., _ -~ ._ . _ 
.I~OEx: inte_ger r 

Pe-a in 
~~n~i i~_iDDRts~ ~lv ~: 
if (!!~tJ?X > MEr~SIZE) and fo ·> p-.JO~:XJ 
..... then 
beoi~ .. :, .. 

wR J TE.LN CBELii, 

'ArrAY in~~ x .. ~iceeQ~d Memsl ~e in .. MF ITEWbRo proc~dllr.e .~ t:. __ 
. return 
-~nd~ 
el§~ ,. .. , _ . 

lf,.~lT(ADDRSSS~ 3SJ __ . . _ _ .- -. 
. ,.tbel'l sETWORO(tEFT, DATA, TDCMEt-1£.INDEX)) 

__ , ~.! 1 se--.SETWOFD(lUGHT, DATA, 'lDCt4EN[IND§Xl) --'-~--··. _ 
... end r<~,Fi t~!:JqED: . _· . . . . , . . . - · .. ~ - . - - -
P.r~c~dur1t -~XPort t~RI_TEBYTF; CAOORF:SS; t,.n t:~9erJ DATA i in tegerJJ. _ 

var . 
t!IQr.:x_,.,.v:AJ.iur;; in~~gerr 

'B 1 ~ •1.\pJ:JDTYPE CPECWQRD l r , . 
. . J~4• !L\O~DTYPECBYTEsEJ__,;ECT)_J \... ___ __ 
beoin. _ , .. ~- ~ 
__ !f:IC~X ,;;; ~ AODRI!!SS _ di v ~ J _ 

if"CI~Q~X > MEMSIZE) 
. -·-.,.then 
b~Oir . 

wriiTELN (B&Lt, 

"'-:.. --

-ArraY i~d~x. exceeded f1emsl~~ Jr)._HRt.TEBYTE_ proc:!edure_ii.)_:_ -_-__ 
, .. ·- ' "it.,. 

.. retu'-'n 
end., 
·els~-~ 
be~ 1 ~~. _ .,_ .,, . . . . __ , . _ 

Rl~FULLWORD :~ ADDRESS; 
~i.;? :~p~DTYPE(J3Y1'ESEt~CiJ:A~1; ~--- _ _ __ _ _____ ~-
VAlUE t: R4.BYTESELEC~0Rt 

o ~ ... ::.. o H ~ ~ • - • 

~eaff VALUE 0£ . 
·o: SETBYTEC8YT0, DATA, 
i~ ~ETBYTECBYTJ,_DATA, , ~ r 
?; &ETBITECBYT2, DATA, 

-~3: SETPYTgCBYT3, DA~A, 
.. ·en!'! 
end 

TCCMF.:M[lNDEXl); 
TCC'MEf.! tlNDEXtl;. 
TCCMEM[lNOE~))J 
TPCl~EM [INDEX).) ____ . 



.. end_MEJTkB;tjE, ~~-- ___ ,_____ _ __ .. ' . ,.,------ ~---
Proc~durf WDCOARE~D(AODRESS:1nteaer: var REOWQRD:in~ege~)J 

var .... _, ... , . _ _ _______ ____ __ _ _ -----· 
EXi>iO~O.= .. integer; 
:f~IJLl: boolean: 

beoin ... . ·..:- I _.. ;;.. 

~J}ut.r p:.. talse, ____ _ 
if §EMODE tnen 
beq~, • , .. ~· ,. __ . _ . _____ ~- __ 

SE1MODE(fat•e, zSPM0DE): 
~~-t~~o:lsLvAL, winms,_ Exw(mru: _________ _ 
if CIDPEESS <= EXWORD) or <ADDFES$ ~= 4008) 
~, .. tnen 

beoin . 
-~PBhPs czREJHH;-loFD, :zooRr: ,· Aoo.Fr:ss): _ 
.'f.AtlliT :;; true 

'"- ene, 
endt 
1£ .net FAULT _ . __ _ __ . 
~ tn 1~~MREADW0RD~ADDRESS, PBGWO~D) 

_ end wQt;ORFEADi. _ _ .•. _ _ . • -· - ----
Proc~durf! BTCORREfiDCADDRP:Ss:tnteQeri var REQBY-Tt:lntegerlJ -

var ~ . • ""_ ... 
EXW0~9t tnteg~r; 

_ .:f~UtiT: boolean: 
begin.". , . .., 

~~Uti! ;=.false: 
if SPMODE then 

. 'oil''': 

bS!Jt~ .- . , ~· -, 

. ---+-----~· -

SE1MODE(falle, ZSPHODE): 
_EX1€NttCSLVAil,_ WO~_os, .E:Xl'IGR[)) :. __ . ________ -~ 
i £ _ (~D.QBESS <= EX WORD) or ( J\or.ur~_ss <;:: -4008) 
.......... tnen -
beoil"' . 
~Bibi~~iFeADBjTE,~ZObR!~ ADDFESsl: 
.'fAULT :: true 

-~ ~rid t 

~l,;ldt --
lf~J:HH- F.AULT -, - . -.---- ·-
··· tl)fp.,MPEAOBITE: (ADDRESS, ~flG~)!'nE) 

,,.end ·BTt;ORRfJ;{\D; . , _ _ -~ .. --- --
Proc~dur~~ 'WOCORWRlTE CADPRESS 1 PATA: inteQ~r): 

I - - • 

var _" _, _, .. 
. FAUp1:,b9olearl: 
~EXWORDt integerJ. 

beaio ... - ,. ,.. · 
~~Ul.i! ,p:_ ft?J.lse:. 
1 f Sf! l\10DE ther) 

v. ., ••• • •• 

:beo,tt; • , ... ,. __ _ _ _ _ ______ _ _ ________ . _ 
SEnmoEcfalse, zsPr~~DE): 



~~'li-~f,CSIAVAL,_ )10~0$, -EXNCRDJJ .. 
1~ ClQQFESS <= EXWORD) or CADDFESS <~ 400B) 
~ ...... then _ _ __ __ _ __ _ 
betJ in, ...... _ .. _ _ 

'F.tBPOBS CZW~_ITEliORD_,_ ZCORe, ADDREsS) J _____ _ 
--~~ULT :~ true 

- eo~: 

tBd ~ , .. . -· . 
if .. n~t fAUt.T _ ______ _ .. 
~ t~~~-MBiT!WORD~ADDRESS, D-1A) 

end WDCOPWFITE: __ 
Proc~ddr; ~~CbRWRlT~~ADORESS,DATA~int~ger); 

var 
·\ ....... ., . 

FAUp1:,b9Qleatit 
:E~WORDt 1nt~qerr 

bea1" . ~- ... ,~ -~ 

:t~uu:r. •=- f"lse, 
1 f §BMtmE therl 

-beg""" .... _ • _, , . _ 
SET~ODECfal~e, ZSPMODE); 

. ~~7~!1P.CSLVAII,_ WORPS, ~XJiURO): _ 
lf •. ~ ~DDRESS c;; EX!~ORD) or cADrlFESs <:; 400B) then 
be~ in...... ... _ 
;&~TTBAPCttue, STRAP): 
;SETTF.AP(tf.ue, TRAP); 
'FAr·n,T i= trtte: 
"'"" - ·_ I r: .t £ ... DEBUGG N., . . _ . . . . . 

. _ ... ,then ERRD~s<ZWRlTF:BY1~E, .zoonE, ADDRESS) -~ ene, _ . _ __ _ _____ . _ 
!lJd' ~;.. . . 
1 f n ~ t FMl~ T _ • _ . _ _ _ _ _ __ , 
_ ttH•p,)-1B~'fEJ3YT~(ADDRES~, DA1.4) 

~--en:d -S'J;'t;m,n~~ITEJ . . __ _ _ '"""' L ______ ~ 
Procedur~ exoort IEADWORDlADDR!SStinteo~r: 

. ~~- . _ var :PEGNO.RD.iinte9.er): 
beain · . 

' .i;'- _,,. t" I 

J~EGt;CRQ ; ~- 0: __ _ . 
. ADR\fN1I6U:; (ADDRESS • AREA) 7 

_ ·ca$~. M~E~ of __ . . _ __ _ _ . _ 
z~rJsJn~a; ELRR9Ps(ZREAPWPRD, z~us_~RR, ADOREs$,, 
.ZQQDtDR: ERR mrs ~ZREA·Di40'RD ,_ ZODDADR, AnDRESS): 
-~9fU~.WDCPUREA01ADDRESS, ~EQWORD>: 
Zpcpe:. ~lDC0RREAD(A01).R£St31 flEQvJORD) J 

.. -ZINOUT: WDI0READ ( ~OP.RESS • .I(EQWORD) 
___ ,en4 ~-- • -~ 

.•. en(i R~~DVJQR.Pr 
.ProceddrP ~xoo~t REAoaYTE(ADDR~ss~inte;~~: _ 

var R~Q~YT.Ei1nte9er); 
t>e<ii~. _. _ 

REGBVTE 
, .. 

:;;: os 

3 



2oJoii 
2040~ 
2QSQQ 
20600 
20700 
2oaon 
2090Q 
2iOQQ 
2t1on 
2 i 2 (J,; 
2 i 3 o?' 
~i4Q3 
21500 
2i6on 
2!796 
2180'~ 
11900 
22ooit -... 
221QQ 
222QQ 
223QQ 
22400 
22 "0: 0 

-..,; ~ 

22600 
22700 

.Q280'J 
122900 

2JOQQ 
23100 
2J2QQ 
23300 

-
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~ORUNIBiJs('AririRESs ,Ai<-EA )j 
ea$e AREA_ o_f____ ___ ___ __ _ _. ---· __ ~ ~ ______ _ 

ZB!)SERF i ERRORS (.zREADfiYTE, zEIUS~RR, ADDRESS); 
ZCPU: ar..CPIJ~EAO(AOCRESS, .REoB..YTE): ___ ---------- __ _ 
ZCORE i BTCORREAD ( APDRESS, J~EQBlTEJ; 

.~, -.., 
Zlf'~OU1 i 8TI0REAO c ADDBESS,_ J~E9.TrYTEl. _ ~--- -~:..____-

... _~nd 
"-,.,, ttH1 Rl!:AOBJ~E L _ __ _ _ __ .. _ _ _ _ _ c .. _~ -----,,-~-- -~- • .,.- __ 

· crr,c~dure exoort WRITE\.\OFO (ADDRESS; integet r DA'Tidint.eger); 
.hegln _ ~. ----·- ----------- --- ---·--

ADRUNIBUS(ADDRESS, AFEA); 
--- . flt>t!'l\ f case "~~-. o .... ___ , _ _ _ --. _ _ ____ --·~---- _____ _ 

Z~HJ~ERR; ERRORS p l'Ho lTEW9RD 1 Z1:'HJSERR 1 ADDRESS l;" 
__ ZODDADil: ERRORS_(;tWHl.'tEWORD, ~OOD.API~ ,_J\ODRESS).;_ c _____ _ 

ZCPU:. WDCPUWHtTEcADDRESS, DA'I.A):. 
ZCORE: wPCORWRITE c.ADDP:Ess, oATA).; _ ~ 

__ ZINOUTi WDJDWRIT£~ADDREss. pATA) 
..... ,-end __ ----.---· -···--- _.. ------------- -----

, .• ~f!~ WRI'l'E~QRO J . . .. . . . . . . " , " - - . 
cr(l~~S)Ufe exoort _ lliRI:tEEYlE (ADDRESS.U,nt;.eger: _:0ATA:1.nt«tHJerJ; -·-

he~ in . ., . . 
_ AORUNIBHSCADDRES$, AEEA); ___ _ -------
~~s~ AREA of .·. . . . __ 
. ZtHJS~RR! ERf{O_RS (,zttH.lTE:'BYTE, ,~BUStRR , ___ ADDRESS.l;._~ 

ZCPO: BTCPUWR'.rT-F.rAPORF,;SS, ·DA'rAh , _· :__ 
zcbREi nTCOFt~RlTE (ADPBtss, oA:tA) J,;_ _______ ~--.:C---"""·---
ZJNOuTi BTIOWRI!E~ADDRISS, DATA) .. 

end -·---- --~--';---;nd WtHTEBYTEf 
-~;~ ln %meroorv\ 
t~tnd MEi>10RY. 

----·---~~--

' ' 

..::;____ ---- --
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l2:4J=~6 )JJEO~T 
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:-1{!144;12 IJE~$G 
12::44:12 liPSUH 
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••END** Uitet" 
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*"END•* IJJ~er 

CLP~LSJ 
[LPTS\JS 
(LPTSTF 
[~PTF~F 
SPoOler 

....... ·-·----- --
MEMORY S~q, 2189 Dat~ ~a~May•82 12:44~12 

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

* * '* ·L 'P 1 S 'P t R t.1 n ,L ·O g * * * 
LPtS~~ ·versto.n 1o;ic226l) runn1ng_pn LPTio·i~ 1S_.,M-ay•8 
Startin~ Jpb ~EMbFY, SeQ,#2199,.~eqq•$t .c~e~ttd· et 1 
Startino 'f !~e QSKC ;Mt:;MOFlY .,DtP<057>J70, 1:05 ,-OVG) l · 
Finisb~o 'lrf.'.1ntina FJ.l~ 0St<c:Mf;MORY.,OIP~<OSJ>.P0 1 105 1 0 

runttme o ,seconds; 6 xes, 12 disk reads, 5 p~ges Pr J,n 

KRISHNA cio, t05l ·Joi! 
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KRlSHNA [70t105] Jo~ 
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~1EH0RY -SeQ, 2189 Dii~e 18_•M<lY•8~ 12:44i1~ 

---.- --~- --·· --..--~---·..--- --
MEMORJ Seq, 2189 Date 18•May"'2 t2:44J12 

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

--- ---- -··---- -- --- - ·--
f4f;M0R)' S~q. 2189 Date 18'"'M':H'e82 12:44:12 
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ocu1e lJH ot;?UonsCVEPSION ::: NSI!t, DEF't!!JLTCXT) 
j nc 11) rie r:.-rrr~,.-y, ~ RI~IfiJ-s, .r;LDJ3AI.·, -·rl~.S~t.s; 
var F.Xcort 

i·iOVll.i.! $J..-V!If, SHVJ,'LL, PSV!\I,(·t:,CVAL! lntea~r; 
PEG; qrrev (0 ~. t:5i of iqtecer: 

tvPe ~ ~o~ rt_ 
PH~CFi~ = ~ZREADW1RD•. zuE~DD1TE, Z~F1TEW0RD, ZWRITEBYTf)_ 
f 

suePRucE'ln 
-~ - -- --~ ~ . 

::: ( ZCPiJ, 7COBE, ZIIn: iJ1, ZBUS.t;f<n, ZODp.~DR): _ . 
tvoe 

VIFlHy~::~;:: (DEC~~ORD, TDCW1FO, eY'tF, BJTSt CPU11ASJ<, 
I om~s 1·~, C flRTi;}iASK; EEG:l.S T, :1~ :y T-cscu:;c!, 
PPIDRtTY); 

t>WJ:DIYt;E _ . 
oack~d record 

c <'J; e -·viti~TY Pf;:' of 
r: F.ru(mD: (F 1lLI~\·Jf1HD: inteoerJ: 
"rnCM1P[)• (lltjMt.·1 V1"!'Dr·~ ;:'\ . 1--7B• 
.......... \..,""". -- .. ~ . .j. .4-·..h---·· :r._;. ···~ 4.·· ,. 

r ,_ .. ., rr t.: ~-l R q 'ti T r, r.t"' t·J n R 1) • i} 1 .., 7 "· 7 7 o ) • 
• -~·,.. .J_ "_.'~ '-.J .... , ···- '.J.~ .... ,!. •• .._. ' 1! !..... • •.. { ! ' r;,; , 

PYT£: (DLJ~!:Hi~BYT.i:;_z J,L •• --1711:-
? Y T E: .. 3 , 8 Y 1' 8 2 , , B Y T. E .1 , _ H i T !.': 0 : 0 • • J 7 7 B ) ; 
~·I'TS! CB!.TVM": p.aCJ<i;c ;;rra.v .. [~ •• _3_6] of 
~~ p 11; 1 ll S l< : CI r: tJ f) FW 1 ~ f) • • 3 7 7 7 7 7 7 B ; CPU : 0 
~~po: hr'olP'"'fl• R~GCOl!W:". r, 17P.• ·· 
:.; ~ .. ~ ¢ ·~ ~ •. - v ... , . . . -- t. ... ~~ "' ~ ·,t, i- J. # -

C~PITY: bOOl~an); . 
PJiJ.JlSI<:: (JG'~QRE'2: 0 •• "37771778~ :rO: 0·,.,. 
, ,....,l;lh"' • o .,..,7·7P) • • ~-"' · ',:. t ... .f"' t~ • !! e I .J. ~ • ' 

- ~· ---- -~ ~ , __ - -- ---
bo oleanJ:::._,:-- ~-· 

~- 1777B;_ 
. - -

178;. . - --=- _:_ 
('QpEf;~[ISK~ CIGnOPEl! 0 •• 777777'8: CQP.J<:: 0 ·~ -JB;- :.._.::_:-:..::_; 
r:un;·yi o •• 1777778); 
•· "' G. I "" IT' ~ f 1· , .. 1-0· '"' f.' ,::, • fl -.7 '1 '"' i 7 7 P ~..:., :'! t..."'l..i, ~ •• ·-\) .• f>.l..,.J-..;:1' ..._J • ., .)·· pi • • ·····! 

~E'Gt:YTEl, BSGD'lTf.O: Q •.• J77E); 
F Y T £SELECT :; ( I G '~ 0 R II 1 ! t .. ,. 1 7 7 7 7 7 7 7 7 7 7 7 B : 
-" y;r.·sr·L·--'"'r···n, ~- 3r~) ~" -· ; ~ ~- ~ 1:.- ~~... .• u ~-. : -.J • tt l"' ; 

~RTCJ!.nTy! CIGIJ.OPJ::R; Q • •• 1777777777f3; 
;RTYt~sK: 0 ~· 7: IG~JCHE~i 0 •• .37B) 

"'n.A o' l;l'TVPF • 'r.: l ...... tl\ .... :...: ._1 . ,l,. -"....., If 

canst ex~ort 
PC ~ 1777·ta8: - ' .. ,... ... 
SP ::: 117712!3: 
VE1J3ff~-~ t1336: 
PS ::. 12"]"JOOB: 
S\'JF ::< 1777028; 
SLP -: i77701B; 
sc ::: 1177340: 
tHJ B -: 1 7 7 7 j 6 B ; 
f;l>Jp·i - ~"::; '"', 7- () 3F>·· _.,,).,- ..;:.,..;._v ,_, 
t-' 0 p 1 ;;: .1 7 7 7 J 7 13 ; 
SLPl :::_17?-ioSB! 

Pr~cerlUr£ PXDort I~!TREGS: 

~- ~ --h.ecin , 
PSVAr != o: SLV~L := 0: 
~~CJVbt !:: 0: 

sc~At := 0: SpVAL := 0: 

for r ir. o to 1t; 
~ .. "!"'""o ... : ... "] ~- ~ 
·.c{J t"tL,fl .- ./ 

.:.r1c HiiTRFGc:• 
cr;~~du;; ~~~~~t ERRbRS(fRO~PRCC:PBOCEZR:~ 

SUB 0R0C~SUBPPOC(Zp; 
ADDRESG~Snteget): 

var 



.;: 

0. • p ~~ I'J j T :;.1 !'"t !J : , ::; t t l', n n ,( Q ) • 
~~.--, .. t..;_,_ .~...,. .~v -~·'f. 

S!Zf~ ~trinq(6)~ 
teo it'l 

CPt!R~TTUIJ ::::: " 
" r ·z "' : :... ; ,. ~ ,,_.. ,. -
SEIT'A~itrue, TRAP)~ 

_..,,., t.:.:;..,,.)')"r' f- ~ Cc...c;e .. HlJt•r''t..~>_ o_ 

ZRF0QVCRD: 
r-epi.n 

(JPERATIO.N· :;:; ~ re·ac-i:r:q ": 
_ ~IZE := ~ worft " 
Pnf.; 

2PE._t[lt;YTE~ 
~ ·-e..eo i.n __ --··· _ 

~P~RATJQN ·- ·_readiru ~, 
.. f5 lZ.E. : ::: " b v t-.E.' -·~ . 

l'lfld: 
-]'f·J--~~!''"'"f,l;.)t)Tp) ~ 
f.,. "!J !--; ...£.· ... • f- V'~..:..•J."'~~ !' 

r>eojn 
~PERATIOU :~ " writinq ': 

__ ~IZE := ~ word • 
. ·!'\fig! 

ZVJ~ I1'fBY~TE! ... ~- - . 

!"eo if' 
~, n ::· r' A '1" 1 n ~' ~ -~ ~ w r .! t i "'. '·, "' . ~-! c t:.• ~. i... \ . ..,! ~ ~ • - .,. ;I.. l.. .. • 

... ~IZE ::.: .. b'v't.~ 

Pnr< 
e.nd ~ . ~ 
C<J5~ SilePROC Of 

:--· "7f"'c r·: 
... --""' . \.,j ... 

.., ·- ... 
rea .in 

~ 

~ET!FAP(true, DUS~Rhfll 
itJ/HTEUl(BELL' .. Bn~>tr~p for CPU adr3ress While ,. , 

D11fJ~;~Tii'1r!, s:rzE, ., at aodress=·, o: 7~ 
A:"IDpESSJ 

J:'l')~1 
,,...,.. 't} .. : -\..., :_ '~- :; . 

~r~2f1ln 

~ETTRAP(true, STRAP)r 
.+HIT£tJiCBl:LJ.,, •st.'lc~:;: over ... flow ·.wt111e ", 

·o" E R 11 T I r:m , s J z f. , ~ a. t a 1.J d res s::: " , 
1\TJD.n .. ESS) 

n: 7, 

~n[l:; 
·; ---.Z.nt•t::•<'nR: - ., ,....~t_t~:.. ... ~<t'" ... .. 

~eqln 

~ _ ... ~ _ -~- :. _ -~-C.t.T :r.H i\P Ct.·rJJ.e,·, -·B_:~ 5 .T n l\ ;. ) ; 
WRITCLNCBSLL, ·Bustr~~ while •, OPERATION, GlZE, 

.... ·--
·-:--::..:-::-_ · _ ~ot. arlor:<~SS.;::~,. Q_::_ 7, .AL~DFF:SSJ __ - -

~·nri; 

JOG gA,gR i. 

· ~nc 

!"f;l1jn 

• ·st.TTBAF C true_, 
viR ITELiJ ( BI:LL, 

-s!Z·E., 

end E?f.<ORS: 

B_1J S 'tRAF) ~ 
~ndd a~~ress while", OP~RAIIOM, 
"' at .. ac"Jre:ss:::,;, o; 7r ADDPESST 



Crocedu~; ;~~ort seTMASYPRtYCLCCATION,NE~vAtUE:integer): 
t,ec ir. 

i- £ r ~ ,, r. 'l' J ·o p - lJ c: A,Jt._.. \ ... ~) _J ... ~ - c :_ .. 

t h~ n_ SETPR!Y rt-!EHV A LUf<; ,- P;:VPLY 
enc SEfri.'lSKPRTY: 

troc~dur~ ;ir:Jort \WCPuRFAD_(l\VfJt-=E-~S; tnteoer; 
vs~ REOWGRD:inte1er); 

~v;;t r , 
P5; tlr>gl'TYPE(CP'l~y~srq ~ 

-.P!: ~bPDTYPCCD8~wbRD)' 
h_eo i,... 
• ·11 t:'i' ui !"•. r· • -

r.::·~·_ .... ~l..':f.~ :"i.~l ... ~ 1J .: ... 

~ 

c r~ !t:? . !' D D HE S S 0 f 
CS! Gt:TtrJOfWCPsVJq;,- RJ.Gr1!, REGNOPD)! 
;L;i GETWUR0~SLVAL, BtGH1 1 REQWbRD); 
.~C~- GET8Tt>C3CVAL, DY1D; FECvJCHDJ: 
NQP; GEn~OJ<'}f?WVAL, PIGl!'J, HEOi<'JQP.fl); 
-~i·l~! Gf,:nJORDCsRVl'\I,, _fi!Gl-n, PEQt>l()f\D); . 
~tt~rwise: SHnDFSCZREAGWCRD, ZCpU, ADDRESS) 

B nr S/, CASt:\ 
enc 

var 
~ R_S.! [~ UPf:TYPl!: (CPt-H,lASK) ~ 

~J: ib~DTYPECDErwbRO)r 
beoi?'l 

pE\;fiVTF z;: 0: 
, ,/.~;·,,._.,~I[l ~- "1- ... ~-~~("'C"~ ·.; Rl.f,:._, .. ,~fJK :- .ntli.Jh·-•<.J'-', 

-·~ ~~-

RS :::: ~..:(:nDTYPE(CputP\SK): n,: 
f f H~ >:pp then 

~~ p;.pl'\RT1'Y J •. -.l. , •. 4.~ 

;h;n GEtBTE(FEG(R5.REGCOUNTl, BYll' REOBYTE) 
_ ei;~ GETBTE{R~G[RS~REGCO~H1], EYTQ, ~SGBYTR) 

:e ls $' 
re').ir:_ 
-- c~~e.ADDRE5S of 

- " 

cs: GETBTEcncvAL, BYT0. REGBYTE): 
-~·r .. ;; ~. rr• J' fi 'f'.:;• r,.. I \]a-!.', H YTt~ P. R',.., f3V't6)' • 
~ ... ..!-:._.;;,;:~·~1-' ~0-"-~ .. \."?..J .. · .. ,...~~- .... .. *·1 -•'~-~ J.~.·C4···; --· -..... 

---~ _:- _-: 
~----- ~-

~L~l: GETBTSrsLVAL,_BYil, RSGBYTE); 
~~C: GETlH.C (5C.V:iih, .!HID. REGB.X.Te);
NQ~; GETBTEC~UVAL~ BlT~, RECEY!~lr 
~Jr>") 7: '~'P"!'l:<J'-1:' c·~f'\1 ~.T .. · .P:V_·r ·1·· R8f.:tcl-v,.;E: )- -~ · -i...·th _; ., \..l.....,._,_ !-..1 ·"'-' :.t:l..J \i . .r.J- ... 1. -l.·-A.. .. J .. _.I ..... -~~-~r: .. LJ.. .. t .. 1 ~ 



- - . 
~WE: GETBTECSBVAL, RYTc, ?EOEYTE)r 
·:: l'ln ; : r, r.'"!'PT F.' •( ,.. RV td:- r~ V-c-1'- ·- ·"'1;Fc t; V ,.,,.... ) ~ 
~ .~ .. 'i.f"'f .~ • .,...l.;.t....,~~-· -" .1,.'") ..... .,_~ '·~-'-'·'~-.!. I . . r,.~•li..J~""-·1 1:, .. .T 

~~~erwise: CFRORGCZBEAtft~TE, ZCpU, ADDR~SS) 
e.nr:· ~ C~l\~SE\ .. ~ ~----~ ~-· _ ~- -::__ ~ 

end 
. t1 '. qT::.r.,' '"'E···-' · .. :_ ~--- . . - -t: c 1 .. - .\. ~·,_.lj< .. l~u.:._- _ -

~rocedJrp Picart wocpuWP!TE(ADC~ES5,DATA:integer): 
var 

F5: •OEDTYPE(CP!!H[<SK); 
R 3 ~ \~ CH<D.TYPE ( HY'T:E) : 
B!! ~b~DTYPE(DECJbRD),, 

- beoin 
F1.FULL~ORD := AUDR~S~; 
nr; :_ "''t:;R·D· 1'YflE(r'TJnMA;~K) • ::.>~ • r,:; ';::" ··""';, "'"U- · ..... .. ..... ,_ ... t ~.,.t.-,. ""· • ... ~ ·J·,. ~ 

if P'3.GPR 
tbPn BE.G(RS.REGCfJllt!TJ ::::: Dil.Th 

else 
--te,,j~_ 

ca~~A AQDREGS of 
t: S : P .S V A L ; :: D l\ ~r.A 1 
;~~; S~VAL ~= OAt~: 
~C; GETBTErnnTh, BY!fl, sCVAL): 
~n, ~: ~ov~L ~. D~Ta• \:Jr;~ ~~\_·i .t~ ... to-~~ , 

;u~i SRVAL ;: DATA; 
~t~~rwise: ~Rp0R5(2WBIJE~ORP, 

en.-: 
en<~ _ 

Zcpu, ADDRESS) 

~ n d •! Dr P :t ,,: p T T E • 
·~ -. - . .: ·.,_ • ~· !..' • ""' . , - ~ • ~ (" • T" 1' -.. ~- - • ' ,- • 

~·roc e d u r"' f' X nor t BTL P iJ w R t I 1:.. (t-iD J.. Rt ;_, S , f; A 1 A. : l n t e g e r ) : 
var 

F5~ "'OrH~1'YPE(Cp:J!,i!\BK); 
: "".... · .... 

R~: iOPPTYPECDECWORDlr 
heoin 

~1 ~:-r-~r~nn :- ·~-"~"~· ,..... • r ! ; Lt . ~"J .J r . ;..,~ • - J.\ ! ... d)!,. · · ~ L , 

P 5 : ::: itJ CHH)T Y P E ( f" p U t·l A S K ) : R ; : 
i·f R~:r.rn then 

-1-~ P-~-P-J·RT'~'Y 
.... ~'·•t~o J~~-L· 

.. tb;n sETBYTC(e:·lT1• i~ATA, REG{RS,.Rt:GCOJJIJ't'))· 
eJcc SETf.lYTSCDYTO• DATA, REG(PS,.REGCOUNT)) 

els!; 

J 



f'Dc 

end t:r.fPlll'iP.ITE: 
crocedJ~P ;i~ort wotbn[ADCAncness:inteq~r: 

- v-<:~r-~EG¥WnDdnte9€r) 1 
V<H .. ,. 

:.Tf:':.~-P~ 
-~ 

in:te,HH; 
becln _ . . 
_]O~E~OrADDFESS, TEMP); 

_ Gf;HJC~'[Jf_TU·lP, RIG'JiT, _t:'~Oh'Opi!J; 
--: .. i-nc· ~~;-, • nnr"A'f) • -
~ .. . .. !,... .! .,.... 'f~ ~ ~ -~ ~ • "' 

_rrgced0rP P~cort BTior~AQCADCRi~S:integer: 
_ -- v·ar .FBC'B.YIE:ir1te<Jer); • var 

TE;/p;- i ;,t~0Pr • -..... -·- ~- ·~ ----~-' 

beoJn _ . _ 
Jflf~F.::il.D ( l\DD!<BSS, TI:f'P) r 
GETHTf_(.rgnr, BYTu, RF.0BY1t:} 

f'nd 8TfOPE.AD: 
P roc~doi.·~ ;xoort \!JD!OIH'J'!E: (:"d)DFJSU;, DATJ\; in te•;.H~r): 

.. var 

. T~~p; int~oer: 
:- _ t.eoi;'l 

GET~~RQ~AOCRESs, niGHT, 1SwPJ; 
- 1 r1n 11·~ r J\D.DP.r::s·s, rr~i1P J 

enc •'iD! Dv!P J TC; 
~rocedu~; ;;oort BT!bwRJTSCADDRESS,DAT~;integer); 

GE1B1£~ftDDBESSr BYTO# TE~P1: 
ID8!1EtAOORESS, TEMP) 

e n d " T ·r ; .. , · • r· ... "' '<:' • 
-1 ~ ~ ·~lJ~:t!,-tJ_lL•# .. ~ ·-~· -~~., 1 .. 

1 

..... ,, .-. _ 

r.- r n C ~ rj u r @ f" x D o r t P l:.,l , S £ T ( i L•; -lll L u~. • t1. t~ G r~ lll'' : tn t e g e r ) ; 
- beoin 

ff.CS <::::: pEGiHW) and CFH~Grl~,;'l <::: 15) 
t h P r, _ H E G ( R E Gt.r; 1!-i ) ~ :::: fJ S ~; V l\ J..; l' E 

else ijRlTELNCBELL,. 
c . '_ I J 1 en !d .r-eo 1 s t e r .n u rr be r in p r c c e d u r e r e q s e t " ) 

___ eno Af:(St'J'! 
~tccedur~ PXnort AD~uu1BUSCA~DFESS:1nteaer: 

-var. 
F 1 ~ 

i _ RSJ 
R6:; 

~-: -~p_7: 
teoir: 

.. ;:; nt t:"; .. L,·r n "c1·' n -=------ ~ ,:: _ :r. · ._,. .tr :.- ';'>~· tt.v 

var BL0CY:SUBPR0CEZR); 



2J900 
2~0Q~ 
24100 
~420tl 
24300 
244.00 
24500 
246oil 
'-47on 
2480~ 
24900 
-25o(?o 
2s1oil 
252oo 2s3oo 

- -1;: 

2!)400 
2ssoo 
2S6QQ 
25700 
25900 
25900 
26000 
2610Q 
26200 
26300 

uNl.CCN 

:Ri ~FUlJL~(;J,RD ;-;: ~ ADD.FESS: ~ .. 
_J!§ ::· .. \WBp1'Y_P_!;J~PJJr~ASKl:_R1 r --· 
St ~ot R5;PARlTY than 
be~Hn _____ . -- . ~--· ------ -- ---·-----· 

1 f ~5 ttCPll : 117 7e ;* lF ADORES$ BELONGS TO CPU . \ 
-~--tHen _BI-~OCK_ t;: .ZCFU ________ _ 
ets' 

__ begin.. __ : •. ___ --.-· -,--
a& t: wonDTYPE(JGMASK): RtJ 
1£ R6:Jo = 17B %. lf_A0p~E:.$S_BEl.IO~lGS .. TO---'I/O .\. 

tl)en BLOCK i::~ .z INnUT 
eise __ 
be<;~ in .. . . .. . _ 

B7 i: vJORJJ'IYPE!OOREtlASf<); Rt; 
I~:LOCANDtADORESs, 60oooOB) w o 

_ then BLOC~ i:.: ~()ORE_ . 
else 8:~;JOCJ< :::: -ZBtJSERR 

-- -end 
end 

if)Q- ' . ·- . - .. ' 
---~1se BLOCK s:: -ZODDADFi; 
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7. ~ (0 -·'"''· -· ·= f\- ~.),, 

0 i:: _(H;:: H-~S~7) :. 
~ ~- ~-.~.-·:-r'n 2q)• 
l-' -- P. • ~~ ~1 

WRITEBYTE~DSIAD~, ~)' . ' 
INSTT:H~ ; ::: ?.2 

heaJn 
PFADWORn~nSTADD, RiO~OAVl: 
~ - . 
if. C. 

tOen r:c ;::: J 
:1se Cc ~- O• ~- . . - ~ , 
P ~= R~~W0HD + ~C~ . 
Gt;T~HJRU.(.R, P !Gi-ll:', _ r=:.) ._ __ 

Z- ~- f-'1"~~-<p - l'o_). . . 
~ _., \, --!- ,-.~ ~~- . ~ ... I 

0 ; :: CTE1·!P ::: /~M-;1< 15) an.d __ (CC -
c. := BI?(n, 20); 
~ ~= f~t7t'T'17f.ip, ''')• .\,..l • ...,_ .... - t .,J. ?-.;. _.,_ _., - .,J; .. ~.l.._,. ~ 

~RITE~D~D(DSTAOD, ;EPP)J 
r_~JSTI!:1E ;.= .22. -··- ~ __ 

~..-- f'T'lc)! 
J Af_)B<:_.;: 

nco in 
READ.D.XTf: (J1STAED_,_ ..:.RUi:'YJEJ; 
ii c 

then . .CCC : = J 
else Cc !:: O; 

.H ::: REDBY If. __ + _CC; 

1); 



Ri.FULL~~HD :~ R: 
R3 : :: ";tlfiRo T Y_p £ JJIJ'.:tc ) ~ : R 1.: _ .. _ 
1~~p := R).RYTE0.: 
~ ::: C.TE1~tP .=· fl 1 i--··-·- ~ 
0 F::: (Tl;:rH1 = 1"-'~AiSi< 7 1 and (CC := 1); 
\. .- BIT.(R, 2Kl;_. 

~- p t)d: 
CEC; .. _ 

.hea j n . . ___ . . 
READWORO~DSTADD, R~O~DHD); 
pj .FLlLL'l.OnD ;= REQy,r.JRfl "'- 1: 
R2 :::: ~1RDTYPECTCC~nFD): R1: 
F ~= R2.~IGB~~CRC; 
s ~= BI'rcn, 21); 
Z :::: (H _;:. 1)); 

b ~= (R: CON~ORC)~ 
.lrl RITE i'liJHD !: D S J'.AJ}D_, . r<-) , 

I H S T .T i'll·.: ~ -· 2 'e 
_fln9; 

rE('B_!_ 
hea . .in 

READBYTSCDSTADO, REQEYTR): 
R -1 t;'tiLLuovn ~: 11t- ,,.; v~1• r.• .. 1 • 
. . •. l." . ,1 • · ~ '>.'> ~ ~ -- ~·~\ • :li>.J t: .1, .• ~W ~ .t. IE 

f~-i :- ii'lRr''T'YPE(f\"V'l'r. )"" n~ • _. ·-, ... t"""""~· -J...\o._.6,-.. 1" ~.t, 

8 ; = R J. D y T E" ') ~ 
<"" ~- n,-,.,·(R 2q)• 
·~ e - 1.J .t t ··""· · 1 . · f 

.z :::: ( R _::::: 0) : 
0• ~- ("' - ('fHJA·v'T"~) 
-! 1' ~ H - .... -"'"'';·- ~ ....... l' 

t~RI TE.DYTE( ns_:r~nn, P) L ____ . _ 
. . 
lUST Ii"12 • - 22 -

·~ P~Jd: 
C:Sf?! __ _ 

. i1COif) • -· 

R8ADWDR,(n5TADD, REn~ORDl: 
-:; r 
.l •: '-

.. t!"'en r:c = = l 
.else Cc !: Q.:.c 

R ~1 FUL'·'·J;1,or'l •-:: nn1'·rcc"f")· 
- • ... J,.,j !_, ~' ·- ... •. ... ' 4 . ~ .f 

R 2. ~ = .\'1 'l.Rp.T .. YI=: ~::.c'IT.Ci\DF_l')J_.: .-.l·H; ____ . 
R :::: F£owonn + R2.FIGH1~CRD t 1; 
R.i •. fJLfL.:~rb.R.D ;·;:_~Jt:._A _ ~r- _ 

8i := W1RnTYPE(TGC~OFDl: Rl: 
TE:t1P ; ::: R2.~ P:lGWT'l-\DF.D ; __ 
~ ~: HtT~TEMP, 21) 1 

U := CTS.T8 = (CHhDP.DJ._anc CCC :;._1): 
.7, ; ::: C T € 1-1 p = 0 ) ; 
C ; :: not ( B l TLB , 20 ) ) ; 

2 



C S~B; ~ -~---- -- ---
heain . _ _ 

READBYT.ECDSTAD!) ,_RE...QBYI£)_; ___ _ 
ii c --

tflen.cc :;:: J ___ --· __ _ 
~ise Cc !;;;; 0: 

Jll .fULt/iORD_:_::;; HCiJ.(C_C); ___ _ 
R3 :; ~~RDTYPF(BYTf): Rl; 
n ~- Qr0ny•T~ • ry~ ~v~RO + 1 -~-- • - _; .J;.-.; .... ;/.~~ .• i.,- --t. ..1'\.,.,_, •. ~...;......~t-J.~ .. - ', o' -~ ·1L 
R~.FULLlORD :~ R: 
r-<.3 _;;: tt~J.RDTYP~_:_(_llY.l~£:.1: -.B 1 .. ; __ 
TFMP :: R_,_ •• BYTEO: ....... 
S !.= BIT. ( ·rt:lc'.P, 29J: ___ _ 
~ ~= CTP~P = CONBYrEl and (CC = 1); 
Z :::: (TEMP ;: _ _Q) -~ 

c !=not (BTTCn~ 28)); 
WRlTEWORD(QSIADQ, ~E~Pl; 
I. F.<:: T· T ;t; P ~ - ?_ "'~ 

-'t ~ . ""' • ...., *- 4& 

('()~~;T·_,. 
heoin _ . . 

READ00Bry~DSTADD, Rtoftnpn); 
R.i.~~~F.tJLL'l.ORD ;:: "-lCT-1 (Ff:Gl~OPD) + !.; 
"? • '"'n·'"'YP""("'fV"· n•'D) "1 ~ .._. . .. = ~'i' i ~ u ! .. _ ! - t _J-;..,. '!; t. r•; : r-;, ... : 

R ::; R2 •. R-!GHTt~JQfJD ;. 
Z ::::: (R = 01:: 
0 ; :: CH _::::: !lAS K 15 ) ; 
c !::: (8 <> 0)-: 
~ ~- BT"'I'".(T:> '11 '). 
L,;. • - ...,. J, ~- ~ ..,.,. .J- . .. . , 

~RITEWOlD~DSTADD, ~): 
!J,1 S T I tiE ; : 2 2 

... Pn9: 
c 01:~-il! .. 

hcai,n 
I-<t:ADDY:c:(.o,sT A.fJ[}, R.B.OE.YJ'.EJ; , 
" .. '-'•J'·,._,;:.,R"' ~- 1!,r•1"f(·;;.r.l"'.n·y ..... rc l" t"\j.,rt.,..u~,J"'·lU,. 11 ... - "-\.....;. ,~::...!..:if_2...,J_'r:~) ,-+ 1 

Rj_ !.::: .U.RDT'f.PE.(i'\_~_:rz;! ..Bt; _ _,_ ___ ~ 
F~ ::;; R3.r!YTFO; 
Z. :.= (.R. :: . . 0..1 .. :. _ 
0 i ::: ( j{ ::: '1 A S K 7 ) ~ 
C ; :;; C R o;:: > 0 U.. _ 
s :;:: Brrn~, 29)! 
~-JRITEL4Ql{~ (DSTflDTl,~ i<_)~t. 
J H S T :HH:: .t::: 2 2 

.. en9 .. ! 
.NOTS_: . -~ 

b E• a 1.n 



HEADWORn(pSTADD, RjO•~RD); 
Gl:.:T~HJRD LND.T..I LBE OiHHLilJ_,_ r:?.I GH:r:_, __ .B_)_; 
S ;:;;; Bii(p, 21 )) 
'?- : = (P, ::;: t) )_ i ---· -
p ~= t~-,lse: 

. c := t.rue: 
WBITEWORn~DSTADD, 
.f I·J S TI Ht; ! :; 20. __ 

- ~r.~: 
NOT&.!_~ 

hcoin 
n~~T)rQY·T~(·n~TnDTl n~n~V7P)• .r .._..~-.-"".·-.;; "~· ... . u ~ - _;.-,. -·...::I n .............. i.,t.;:.J.. ..... :.-. . , -

GETBT2(1bTT(RECB~TEJ, BY1o, F); 
~ •~-- ;-l.l"'f.(U 2'1) • .. - ':: • "-' .1- - -~" 8 . -!. 

'!-- := (H :;;; 0); 
0 ; ;:: f ~i Ls e ; 

... e-~'d: 
~ HP:- -

nea.r.n 
READ~ORDrDSTADD, R1s 
C ;;;; BJTfR, J6J; 
S ;::: r.HT(R• ?.l); 
HSiJIF'f CR, 1, SH.T.FTE.D); -~ -· 
R != LO:;ClR(S!!lFTED, 1."1GAND(P, 
Z _;= (R :: OJ:. 

l~ASK15)); 

0 == CS <> C); 
tJ H I T E VJ 0 BD.! D S T li TJJ1.. ~ M _) .; 
JNSTHiE !:;; ?2 

-~-ti9: 
~HPD:_ 

heoin 
RE~DBYTS~Q5TADD, RJ: 
C := 8!1:(Ht )6) ;. 
s :::: rn;(p, :rn; 
RSHIFT(R, _t, S!U.f__:T_f:J)J; _____ _ 

B ~= LOGbpCSHIFTEDE lGGAND(R, 
Z. .!= (R ::: Q)_;__ -··· --
0 ::;: (;:; <> c); 
ijR I T.EHXTr~ ( D~:r- ~d)Il_, F) ~ __ _ 

TNSTif4E z::: 22 
~r,1d: 

i<SB; _ 
heain . 

R !: t~10VAT~: 
REI\D\·HlRD (DSTAOD, BEL)~DBD.); 
~E'fi-<JORD (I, EFT, REG '·lC RC 1 H):. 
s . : = nIT C Rr 5) : 



do 
heoin 

.,_, D ..,. .. r. t.' ·-J ~ p f' ( cr rr ,.., r-,, '!t ~ - 1 ' • 
~"(4\..l.t~ .. :._\ .. L~·; .'i.''':_.-1 . .. ;;)~-tl~f..;L ~-~· -)-11- ~ 

C !::: n.f'~(R, 36); 
n <:; q I r: •ro c' "'J·· 1 ,. ;; H, T r;· ,., ;; 0 ) • f'·~.l~ .. ~ ·"'' ..... ..,_,_~ .. ,.~.,..J. ....... __ . __ .,_ 

n - ·~,rnR(C~TF~~·) E~nrx - r- :- ~-.,;..,.1'-'' ~}~~.J_ ..... _.C,), ;,""j.f"(,~ ;.) 

end: _ 
GETWORD(P, RIGHT, ~A~TED~ORD): 
rJ .R.l T~E v; tJ ~~D .. (· ~lPF , ~ll.Alf.T~EC r~~DRC~)~:. _ 
~~1WOAD(R$ LEfT, R11 
n := false: _ _ . 
Z. :::: (f<::: 0) or CRITfi'lGVAr,, 21)) ·'lnd (B: 

l77777R) r 
~RITEWUHD~JSTADn, F) 

gl}d: 

h co i l'l 
wriTEWORocsC, L1GA~PCSCVAL, 378)); 
.R :.:: NOVAL: . _ 
READWORD(DSTAOD, Rfo~nRD): 
cr.·T··cR···rt~·r;·, Hr.'r·,~o 1~ '"') 9St J'"-J • ... u \. ~.~.--~--' - ...... o;,.,_:J~._t,. .r t .n .. · -J-
j f. sc v l\ T.., > 0 
, then:.~= B1T.C.F, ..SCV.;~L- 1-J~ 
INSTIME ~= 02 • SC~AL t 20; 
RSHlfT(R, SC.YilL, .SBJrl'Ell):-
f.? ;== SHIFTED; 

__ GET~·IUFD cR., P.J GHT, ~· .. JH, l'.E Dv;orm ,_; 
\•J p I T r: t·J Cl 'K D ( 1"•1 Q P l '•J A ; J T .S C \'] Q R D ) ; 
-~E'PWRD CR. LEF."1, F "J.: _. _. ___ ~-
o := fdlse: 
& ~= 9IT(p, 21]; 
Z == fR = Ol or (~lJTC~-iC\!~~L, 2l)) i-lnd (I~ :-:: 

1717713); . 
.. _ WRITEWORD~DSTACD, G) 
... Prid Z 

~liT~; .... :,. ..... 
- -hec.ln 

R8ADW0BO~USTADD, Rli 
C ! = B I 'I' ( B • 2 J )_; 
LSHIFT(R, 1, SHIFTEDJ; 
G £1\r.JOHD CS tLIFTED , __ JH-Gh T. ,. -E) .. : ... 
S !:::: BIT(p, 21); 

- 0 ; ::: ( 5 <> c ) ; 
Z == (R : 0); 

_\'iRTTE~·iO.RD (DST_A_D_n, A-'< )c1 .. - .. 

IHSTF1E == 72 



. 
<:t1tiJ: 

healn . _ , 
READBYTECDSTADD, R1~ 
c : ::: FJJ T CRt _25U ; - -- - - -
LSIHFT(q, l• SH:tFTEP); 
G ETlYr.E ( SH IE.!:i:: Q ,_ .B Y_J_{l., BJ~; __ _ 
~ : - B r ""' (. r·· ? CJ ) • ~ ~- .~ _., ,"{' ~ I 

Q .;.:: {S <>_f)1 ___ _ 
Z := (H ::: 0); 

_ I_:JR! TEB -;erE ( DST]) Q__[l_, .FJ L
JNSTX:fl:B !:::: ?2 

__ epd! 
P'Lf~; __ 

- -

WRitEWORD~SC, LOGA~D[SCVAL, 378)); 
_ ·~ J~ .! = t~_Q.~lF L.: -· 

BEADWOR0(DSTADD, REO~OPD): 
SE!i'HJRD C.LEfl,_ H.E'·G~1C.RC, R); _ 
IHSTIME ~= 02 * SC~Al + 22: 
"! ... r" !"'1 f! ,., .,. .. (l lf ~~¥~~ > ~ -
then~ ~= BlT(R, 32 • SCVAL); 

~S~IfT(R, SCVFl, LhiRTED): 
o := falsej 
GET\10RD{SHifTFD, IJEEJ_, R); _ _ _ _ 
GET~ORD(SHIFT~D, RIGHT, ~ANTEDW8RP); 
tiR-1TE\-~DPLD.( ~-1QR ~ _ ~~Jl~Jt_r Et: 1:'10I::D): _ 
s ::: BI7~R, 21); . z :;: t.R :: :n o_r CB.i TUlG'iJlL, 2j_)) an<.'l 0~-==-- __ _ 

177777'8)~ 
L-<"'T"'tF\'in>-~n~Ds'r-P.•m ··) ...... n•. ~·-""- __ .._ . ....,. t- -- -~ ~ I ~H-~ 

p~~ d: 

hecil) 
.B- ::: f1(; 'll~L: 
s ETL~Jo RD ( Lr~F'T·, 
.E.N 171 S X ! ;: fJ : 
111 t", i l e ( '~ r T c P , 

be'lln 

' 
!H:;G')CPC, _R); 

E~lt:1SX ! :: f:rH'i_S_X + U _ 
LSHIFT(n. 1• SH!rTED);. 
f< :::: SH I('i'CJ:) __ 

end: 

. .J.- ~ .... ~ 

G ET\~OPD cR. _n.t Gi·tT;__, ;\_1\f, T.E rr~<: f.tRn) :- __ _ 
~V[{lTE::\·JORD (~H.4n • ··Jf\•J·_n.:CVlORD): 
G.EHJOH.D(H 1 f,f::i:'T_, H 1 : 
f: ;:: (dGVi\T.~::; 0): 
n : :: fa ls e : _ _ __ 
z := en :.: O): 
S ::: BlTCR,. 2U ; .. 

.1.1 



---- -- - -~ - - - . 
cbMPLEHENT{fNMSX, e¥1 1 CCMPBYTE): 
vmJJ'J::1i.m.w ( sc .. _c_m:.Ee..YIJ::_)_; ___ _ 
~RITEWOR9~DST~DO~ ~lr 
IJJSTJ):-JE ~=-=-!J.2.~ ~ £.-i:l . .r~-RS) .. ~2.0_-

C IL: -
i1eain . 

READWORDtDSIAQD, BJ~ 
I£ c _ 

__ then C~TLSX ~::: 1---
- ~j- "' e C r T C' " • - ~ • e. - ? ..L .,.; ,, -"' • - ._, , 

C. ::; BITU1, 2U; __ ... 
LSHifT(Q# 1, SHIFTED); 
G .... 1' i·' [' 0 l j ( ,.. tiT F 'T r:: r::; ,_, ' ,. ,_ '1' c I) • 

~-:-·Il U.I~- S'J_ A, •.. -~- _ .. ~-1-~---·· ,l.~l!t.,.;. ., --·.!~ L'j. 

B ;= LOGDR(R, CILSXl: 
Z .. ; :::_ CR ;;: !U.: 
s := srrcn, 21); n ~ = . c ,. _,..>- c ) • -.c oli: lo,.) ..... ,... _OL_ .t 

WH1TEWDRD~D5TADD, F); 
I.t~I.S :r I 1~1 E ;_;::_~_12 

- pntJ: 
CIJ,J:l : ~ _ _ _ . 

t:coin 
.READ8YTS.CDS'fADD, .ru: 
it c 

_ th.en. "!.LBSX p:: L 
;ise CILHSX :c 0: 
C ;_:: OII(R, .2_9); _ 
LSHIFT(R, 1, SHIFTt:D); 

.. GETUTE.CS.H!ETE.i2, EYlO• F).;_ 
R- ~- Tn~~R(R riL~-v)• , - .L'<_ ·.sL~i. , ... 1 -..... ,~ L3.";.ll. , 

... ~::: BI'T"(~ 2°) • q ~ . • 1>. L,., -····· . f 

Z :::: CH :: 0): 
f·, ~ ·- ( '. < ~ r ) • ~J e.- ,.:> . _.,.."7 ~ ... - . .-! 

WpiT~BYTE~DSTADn, ~): 
JJ,! S T.JJ1.E. ! ; 2 2 

J' IB! 
heoin 

n ~e: a '",·_l ··in JJ..L'"J (~ n::: T 1\ D D 1 n -1- * 
MVl• '"ll.t.. , • -~-- t1-- -·· _ ___t:";, __ -~ 

"' ~- r. 
1.-::] !'- - # 

C ::: .IHT(R, . .JfiJ; 
B S f_ll F T ~ !.1 • ! : S H I F1' E D ) ; 
.R ::; SJHE'!.l:.ll;_ _ _ ____ _ .. -
j f s 
~- t.hen R~Z .. ::. t.OG!lB.CR~,-- lJASJ'Cl.S) .. :.--
0- ~- (<"' .... .:.... ~"')• 
-~ ~ - . • ,"l '.·-' ~-- ~ ! 

7_ :=- LR .;;. DJ.;_ - ----
W EX T.E_tliO'l!( ( D ST l~D"', 
I.fti S.~f.lJ:iE. .: -= ~ ll 

~ .) .. t. 



- ~r~9: 
.LIRE! - .. -.., 

heoin 
R ~~ouYTr·(··.qTADfJ P•• . 4~~ ...u .... -..ol.- ~)~---. ~~ -'~- -\·-J tl ~ 

s :::: c; 
C ::::: BIT (Hz. 3.6J; -------
RSHIFT(R, J, SHIFTEDJ; 
-~_.::: S.HlFTZ.i?.: ~ -- ·-
..... ~ 

J r: }-.) 
th ,., .. ·- rr.rr.·,c·· 'I'""-) .i e1..1.. _;t :- J....! .. ·~·.;.:J.J~ H .. , --~1Jt..;1.Ii.J. :. __ 

0 ::: (S <:,;. C): . 
Z ::: (H :: OJ: 
WHITEBYTE~DSTADn, 

2..2.. 
r.:yd: 

~F: q,; 
heaJ.n 

" -1- .... li L ~ '· ' ;u, " •. :: r:: r v , ; • ~ _ .. -'"'·. ,. r....... JJ ~~.t.--r-.,'-' .d,... ~- J.:;~ ...... ~.~ _ 

RiO ~= WORDTYPE(SC~SK)~ B1: 
___ J~BlTEi'JURD esC, L'JG.AK.D.L'3CV.~L •. 3.7B)); 

R : .-:;: !'~ () VA T..~ ; 
. READl~fl}U ( 05 TA DD I RE .. Qi;Q_P,D) ; --

sr:TvJOf<D CLEFT, PFJC JC RC, R): 
r-~-sTI 1'H.-. : __ n? -i$ ("/'" ~· 2" 

• • .1 J ~ . ..t .... ~ ·--- .....! ~ -~ • ........ V.i-~·l-- -+ .. ''-~ .:. -~ .. -
while s~vAL > 0 

do 
be~J~n • 

. .Ji{ITt-''•lOnD c;::C, <.:ru '·I· ... 1_ .) ..• • -~... • . ... ....,_ 4- - •-= --~-- . -~......, • .M ·'· 

if c 
. th€·.n r;CLSX :::: t 

(~1st'! FCLGX ;::; 0; 
-· .. - _ __ C ; :: B J T (R 1 5) ~- . 

LSHIFT(H, 1, SlHFTE.O): 
.R ~:: LbGOFr5HJEXED, EGLSX) 

enri; 
S- ~- RI""( .. :> Sl • 

-- •!; -~-- {...c_ .£. t~t . , 

a := false~ ' 
GETWORll{R. RJGHI, ~~~~EQ~DPOJ; 
WBITEWORD~~QR, YANJEtWCRCl: 
R _ i:: R2. LEf'OJClfH1: 
i ~= (R = ol or cnrrc~GVAL, 21ll 

.. _ _ . _ 17 1 7 7 7 B .) : 

~ WRlrEWOQD~DSTADn, b) 

end:----- . ::'C"R! __ _ 

h-~~a.tn ~-
' ' " .,. T ~;_" 1.·1 rl,.... ~) ( ,.. t'" l n G ~ " ( ",.. , r ~ r •~ t<. f I~ •' '- H 1 , ;") ·- t ". ·' '/·~ i• ~-' ..J ·~ \i 11 -t-i 1 

~H. :.= .<t,1rJVAL .. r ~ 
BEADWOR~~DSTADD, REQ~OBD); 
,.. r. T""' PD , · r• <;- 'i' o ::-"' · ',;. "r·· ,.., ) ··'-'C. . .!l4 \...: ~' I ft. .. Lf ;,.';. !, - I •.• •:,:.~ !':! 1 .. ~--+~~ .f !l. :· __ _ 

13 



. 
JU§TIME :: 02 -~ SCiAL ± 22: 
'-~hJ.Lc. 8CV AIJ LtJ ___ ··-----

io 
heQ in ____ _ 

vJ H I TE: r,J f~ [! D r S C , 1 ) ; 
S -~:E -~ C_: ~--·· ___ _ 
C ~~ ~ITCRt 36J; _ 

.. __ RSJli[7 CH, _ __l,__ 0HlE-T.E.tU ;. 
B :::: flH!FTt:D: 
.ii __ 5__ - ----~ -- -· ··---

then R :: tnGOFCF, MASKJll 
end;. _ _ __ _ _ __ -~ _ _ __ _ . 
GE;T'tJOl<D(f-l. R1GH1', ,,Af,Tfnt.-;ORD) ~ 
y.J.R~:TEIWRD (rLQJ~J l'lA.lJr.EJ::HOPD) : .. 
c ::::: fa l.s e: 
z : -= CP = o ) or __ c.e J! Cll 0 v_l\ L,, 2 l ) ) an o .( R 

17777?f!) ~-

- ~~DC: 
j:.,Jf! ,--

neoin 
]-:: f- f'~G<,l!1pt:< 
. . i"i - _.....__, . ~-·· 

then 
beu.i.n ,_ 

:-::. r:· '1" -r ~·- ,, ') r t -r !J p R,.r r-... .... !.' ~ _!-- '• ... ·~ .... , 

, . SET T.RAP .( t.t--'J e, 
E;>nd 

1 R~ P J; 
ll~LT.HiE); . 

PlSe REG~ETtDSIACD. 
J l·l S T l t,f E : :: 2 0 1 

c ) .. :-

EX~: 

. 

heain 
READW0RD~D51ADD, R1: 
GETGTE(R, BYTO, 1~~PJ; 
R :.::.: .R__1 ,.B yT!i'; 1 i 
~ ;:: BJT(H, 29); 
'?- ; ::: CR .:::: D ) : 
o :: ftJlse: ; 

.c ; = fa.l.s {~ .;_ -· ~-·· 
SETBYTS(eyTt, TR~p, F): 
loJR-lT.E\~DRD { DSTllDD_, ~'f< ).t ---- -
HlSTI!"i£ ; ::: }0 

Pr~c: 
' r; TN :. __ _ 

hea.in ---~ 
GETBT~CSCVAL • t, eY10, ~ANtEDBYTE)~ _ 
YIJlT.E;·JDRD (.scI ~~AK:r.t..rH~Y'! E) :-- ~---- -
t.f scV.B.!j .= Q 

ttten 



be':lin 
_ DSTAD:L,!_::_n~:r.:_LoJL -----_____ _ 

.. IqsTI~fE :: 1.8 
~-nd 
elSe 
b eo in ___ __ _ 

"'·XrF'··~l ·r ;. 17 ""s~<'1 ~ ··.., ,.... "P''fTE) ::.. ~1;· .tJ~ r '- ~, , ~J. J.., r-..,_Ji:d . : 

GET\'JiJ!1D {R~-~GIOJ + .E.X.D.YI.f. * 2-, RlGfJ.T_, 
¥1 ~ tl TED h fJ F D ) ; 

.D.S T.A lJIL ; :; \if'UtT.En.>\.0 f.J.l) ; 

I !'·l 5 ·T' 1 H r<' ~ - ' ? n .. 'f..., "" .,. I L.... """''·' ". "../ 

end; ___ -~ . 
H~GSETCDSTADDt 0)] 
r:eturn 

t r1en 
·heO:ln 

DS!AUO := PEG[Olt 
_ !JIST-I~~ E. ::: l £ 
e r1d 
q 1 s e. 
beGin 

~.EXTE:.JJD(ot .. r~.S.E~! .. ,. BYT., --E.XJ.1Y!.:E.) :--~---···~- ·-·
GETWG~O~REG[Ol + ~XRYTE ~ 2, RIGHT, 

_ _rlAJrT'E.DhQFD )..; 
DSTADn ;: ~ANTED~OFD: 
I.N S.T !.!rl.E .: -~ ~~-6 

return 
fl ~J d : 

·r(~f-~: ... _ 

h eg.±n . 
if s or 0 

tt"1en 
- - ' hedio ' 
DSTAD.D. ;_::: .R~GJOJ.!- __ 

... I N S T I \! E :! ::: l 8 
end 

_elSe 
beGin -~---- _ _ 

EXTEUl)~OFfSEI, ByT, EXEY1E): 
Gf~tlJDPD (HF:G LOJ :L.E.XJJYTE .J:! 2 ~ B..I GH!, ___ _ 

t:; ·'1. 1-J T E D \~ CJ ~ D J ; 
DSTAOn ~~ ~ANTEll~OFll: 
Hl 8 1' t '' E : ::::: 2 5 

end: 
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BEGSETCDSTADD, 21: 
retur.n. _____ _ 

1GT; 
. ~ 

t:eg!n 
j f z o r _ Q __ or s __ 

t!"len 
beqJn --

__ D~sr:r~lt: ..c:_::: 1 s 
epd 
e1se 
heQin 

.EX.TEN::l (.Off SF! r . .B Y1', .EXE.Y_Tf): 
GSTWDRD~R~G[Q] t EXB~TE ~.2, RIGHT, 

_ _ li l>.N IEOKDt<.D J .: _ _ -· ___ _ 
DSTAD1 ;: ~~NTED~OFD; 

- INS 'tl'tE, ! -:;: _ 2.6._ 
enc.i; 
FEiiSE'I' (l!STAD.D I 

return 
.'.:~l d: 

r R A;. 
neoi.n. 

0 ) ; 

f-1Y T , F X BY l E:) : EXTE!lD(!JfP.SfT, 
GEH-iDRIJ ( RSG[OJ + .. E;cB:t'!l.L·~ 2, .RIGHT, vJA.N~tEOtvGRD---

.1 : 
D S TAD D ;.:-: ~-J ~_;-tTE: DI\0 e<.D : 
BSGSET()~T~DD, Q): 
~-HS~i~(Ji£. :.: _ 20 i 
return 

I Eq: ... -
neg~.n 

if not CZJ 
theD - -

beain 
D_ST_ADD :.:: Bi:;G (.OJ.t 
!ri5TI'lE ::: 1.8 

end. 
f!lSe 
beQJ_n _ - _ 

EXtEun~bfFSET, 9yr, ~X~YTE): 
GETklORD.(.PfG Lijj __ t_ SXJ:Ei.'l"E_ * _ 2, 

tJ ~ ~',l TEn 1J~- r) f I)_) ; 

.DS~f-ADD. _;_::: _ .W!J£LT.E~.D1: .. 0Rit: 
INS1.~J'~E ~=: 26~ 

- --
RI.GHT_, _____ _ 

- -en-d:. -- ~ -- - ~-------~ ---- ~ ----~ --~----- ~--

REGSETC1STADDt ll: 
r et.urn __ 
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~ -
he.g~n 

i. f not Cs or 0) 
Lhell 

beQln . 
DSV'1D.:J !:: B.E-:_G_LuJ.;. 
I 'J S J' I' 1 E : ::: l B 

efld 
e1s~ 

tH!Clin -~-
EX·-..Lr;:~·F1 'rnf.;'~<.:E'r, q .. ,,fl, FXFVTr·'). - ,_ .... , .. -,; .•J· :r...,.o .. ·.!.l. ........... -.~ c ., 
GET;·JOBD(HF:G[.OJ + .Ex.B:.Ct.E * 2, 

'"L~-- !·1 TED~\ fl F D ) ; 
D ST liDll . . : ~ t~ ~N TEIJ~v~ll Rl); 

HiS T I'l£ ::: 2..6 
end; 

- 8-EGSE.IClL~Tl\QD.t 0).: 
return 

f'i)li: 
·r Lf; 

neg;n . 
if Cnot rzll or (S or C) 

the.n 
beq.i.n 

DSTADD :;::: BEG (OJ~ 
INSTI'lE :::: 1 8 

f'l)d 
eJSe 

RLGHT, 

beGin - --- -·-. -- -----·-
ExT EN f1 ( c n' sE 1: , By -r , _ E .l<B y 1 E ' i _ _ _ _ 

GE!~10RO (RE..G(QJ ... +- E . .X.DY..T-:..F.:~* 2 I 1UGHT, 
'-;t,iJTED\·n~p): 

DST!l.DD ; :: :·JAi'LT.Elh'>!JFD: -= _____ . -~----

end.; 
8EGSETcnsrADD, 0): 

--.return - ----- _ 
Piid! .... : 

i 0(' ~- -
h e9 ;tn 

'+ f' .1 . . i. \,..L 

then 
be a tn 

DSTAD:"l ; ~ p, S(; ( 0 ) ; 
. J.!J.S.T-I~JE -.:::: 1J1 __ - ~ 

~~pd 
eJSe . 

- . .1.7 



- -
b eo in _ _ _ __ 

E x·n::uD r DffS ~:1, 13 YT-' ... EXB YIE-) = 
GETWORDiR~G[OJ + EXffXTE I 2, RIGHT, 

_ J'lll-lriJ:: D~v;(J F.D.J : -~ 
DSTADn ic ijANTEDft0~D: 
IliS TJ' 1S. ; ::: _?~6 

enJ: 
_ REGSE'r ... rDsrA.n_r), D L: 

__ return 
. f,~-'-0! -- - - --- -·· 
'i PT : 

- -·w 

then 
beGin 

DSJADJ :=BEGin].,_ 
.... INGTI:iE ;:: 13 
end 
E;"lS~ 
oer.Jin 

EXTENn~bFFSFt, AyT, EXBYTE): 
GE!'I-IU:HD(I-H:'..GJO] + .E.XDYTE -~ 2, .RTGHT, 

:·Ji\;)TEnt.;OFD) i 
.DSJ]IlJD ;.; '·Jl'\~·iiE.D,tOf.D; .. -
J N S T I'~ E : ::: ? 6 

end; 
REGSETcnsrADDr 0); 
ret.urn 

t=>nd: 
' .-

- - - t C(-;. - ~ 
heo.tn 
- .J.i c 

_ t!)en 
ber..1in 

DST1\D'l ;::: REG t 0 J t. 
I :J S:T r_;:~r: : :::: lB. 

epd 
e1s~ 
benin . . 

EX:r SrJD C QF.fsf:''TI_ B i T.1 .... J!: XEY'!.E l:- _ 
GETWORD~REG~O] t E~ffYTE * 2, RIGH!, 

1VUHE.Di\O~.n) .; __ 
DSTAD~ ~= WANTED~OFD:_ 
I.NsTrl£ ... : :::: .2.6 ____ _ 

BEGSETcns:rADQ, n ) ; 
.;: return 
~J;ld.: 

'i H T : 
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.. -
hcaJn 

"' -lJ: .C. or z __ _ 
. 
beqin. 

DSTAD'l 
. Jl~SI I'iE 
end 

he~ in 
EX!LJD (DFFSk1_, 13:(-l'--,-.-EXBYT£_)~ 
GEt00RD~REG[O] + SXBYTE * 2, RIGHT, 

:,)1:; r.1 T ~ J'-) '·~ •0 r 1-) ;· • 
r ~ , :_.,t. -~ · Jfl: -.."· 1 

DSTADD := ~ANTED~OFD: 
_ !JiSTl'~E :.~ ~6 

end~ 
.JJ..EGSE~f..CDs.rrADJ).,_ f}.) :~ 

return 

rt-1I: .,. 
.he.g ~.n .. 

if not un 
then 

beqin 
fJS.T.~t;D~ :~~- .REG .LO.) l- _ -

-t;'t)d 

e}se_ 

hec.Lin 
EXTEUn~bFFSET, BjT1 fXEY1El: 
GE-J~·JDnD(REGlOJ + EX1H:r.E. * /,R!GH'!, ____ _ 

H Z\n'l'EDt.;fJ~.D j i 
DST.ADJ_ i::: Hf.NTE.D,\DPD: 
INSTI'iS :::: 26 

end: 
REGSETC~STAOD, 0): 
return 

• P,l)d: 
.. -- TCJ,<;! 

beoin 
":f. t rn) J. ,_ .no . , 1., 

tr1en 
beGin --- --

~:; REGtDJ • 
• ' ?! . .. 

"" JJLSJ~I'lE :::: UL. 
epd 
e~s~ 
betJin 

EXrEIJJ ( DffSFI, Byr:, EXB Y.Tr;:): 
GETt'HJHD(RSGlOJ t S.UnTE ~ 2, HIGHT, 

.liA H T ED~h.O ~ fJ .}.; 
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D5TADn i~ WANtEQ~OFD1 
~~(ilSTLi£ ::::_'2_6 ___ , __ _ 

end; 
Rt:GSETC.JS1'.ADD, DJ.; __ _ 
rett.~rn 

~rH3: 
·rc~ 

neoin 
Li not (C) 

elS~ 
heain _ -

EXT:t:w1(ufF>'SF1, BY!• EXBYTE)! 
_ GE:PlfJRD (REG r o J :+ _ EXIlY~tE :IL 2, RIGHT., 

~v l; J-1 T £ D W1 B D ) ; 
DSIADl ~= W~~IED&O~D: _ 
PlSTI ~E ~ ::. 26 

REGS£T(~ST~DDr 0); 
return 

-
heg~n 

i.E not _(C1 .3nG 11Ct {Z) 

thc.p 
bet.~ In 

.DSTf>DD :-:;: .. nE-G LO h
- INSTI~,E == 1H 
ef!O. 
P,lS~~ 

be <J i.rL - - - - - - -- - -
EXTE!I'l(oFP.sEr, riXT• EXBY'JE): _ 
GSTfJDt:W c.HEJ,; ULL .+ --EX.BYTf __ ~ 2.,.-RIGH.T.,~- _ 

u ~~ f.~ l' E D ~~: D.F J> ) ; 
D5Tl\Dll ! :;; .t-J.Mt'f:E.D,-;.i.'1Fl1;; __ 
T!JS'J:I'lE : = '26 

end.: 
r~GSET{l5TADn, 0): 

_ ~etur.n _ 
~ ~ (l d ~ 

.5. V.(. ; -
reol.n 

SETllODE:.Ct.rJJe., __ _2SE:.,cn£ l-~- _ 



------
~~RTRAP(t~TLOCATIOh)r 
return_ _ _______ _ 

.XPFl! . - -
r>eain 

SET :·tD D.E (_t_r iJ e ~-- ~-Z_S e _~.l(D.ii_)M; 
St~PTRAP (SiiTLGCA.TI'l1.) ~ 
r e t_u r o -

~;:rl: 
.1.RF: 

heojn 
Sf;.T>lODB(trlJe, Z.SElC.DfJ: 
S~HTRAP(THPLOCATllG)J 

_return 
'"' ~rtd: 

.<: E'TCC! 
hCOil} 

r . ::: (' or ILLT ( C OZ:iH-, -~ ~ "' 
0 . ;:; 0 or Hl T C C 12 ~it:' ~ I 

36 
)5 

) 
) 

z . z or BJ T ( CflZSP~, 3·U ~--

~ ! ;;: <" or BTT (Cf1ZSt' 33 ' ; 
._, , 

- B . = B t).r BJ_:r CC0.2SE., 3-2 ) . ·, 
T l'J S T J t•l t:: ; ::; 1 9 

enci . .. . 
r Ll3CC . 

~ 

hc~oin 

,. 
; . , - -- ~ 
i . , . 

r . ·-
Q ·-!' ~-

z ·-~-
s . ::: •· 
B . -·-

c 
(1 

z 
,. 
0 

B 

or not C~ITrCCZSB, 3&)); 
ur not. (OITrcczsn, .3sll: 
or not, PHT(C(.:ZSR, 34)); 
nr not CRITtCCZ5D, 33)); 
or not (9ITrCC2SR, 32)), 

_ . . :tJ1 s-trJ M_r; : = t.a 
P~1d! 

~-£ .. ~ .. ; . - ~ ..... 

hf:'ain 
REGSETCREGfSUB.H8G1. 0).; - _ 
PEADW0RDiH~~[1!, REQ~ORn); 
REGsET(RED~rFn, SU~RtG); 
8EG5fT[REG[1] + 2, ll; 
T V<'""T>,!r, ' ".lQ • ... -...-.J.V L +1~.t..;.. ~,....., -......-.•. 

return 
~r_)rl:-

f-=LT! 

S£TF'i:..A.GCtrue, Z'lALtr'it\G); 
. SET 1"WDE (false' ZRlJt-..:lC DE): 
I N s 1' HiE : ::: 1 8 ~ 

_ return 
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-heoin 
SET~10D8ft_rlJP"' .2RUlL•OU£J.;_ 

ret \Jrn. 

~ f~1 d : 
.:r::r~._ 

heoi.rl . ---- _ 
p£/IDi~OFHi ( Ht;G [ 1), Pi:. Oi' ORD); 
~!;;:GS£T CJ.ED~-;Jf!BQ, 0) ~-- __ 
REGSSTCHEG[1] i 2~ 1): 
n~An·~rR-~·c~r~r1] 't1'~~''R")· f:'" ......... ~ :(lf :,J...' .. ,1 1-\--::...t. - -~ ..... , ., .f.J,.l :::I....U .. _.,,.r~ -··-

WRITEWO~DiPS, REGWCRDJ: 
R t:G SET ( P E.G t 1J t 2,. 1 } ; - _ 
·r··,l·~,...t·rM•-' :_ :;:;tl• .:;_* \,1 • - .t;...- • ..... . - ./ ' 

retJJrn 
P~Hj ~ 

RPT~~-
h;:o.Ln 

sr:~TL1 0D.E c true, ZSP .!..1C.l.Hi) :
§ERTRAP(BPTLOCATION); 
ret.urn 

Pnd: -·' 
JLCJ;'": _ 

reo.i.n -
MCLREl\LJ! 
IV5TIME i= 200000; 
return 

Pnd 
_en,.:_~-- if DPCOilE IS NOT. -Il~ f,£P:I.Ut. _ ___ \. 

elss- • 
. t.e'Jir-. 

<~BJTt:LNJ' ?'? IL!.-~EGf,L iJPCCD~ Fl E:X.ECUTE ROU!Il~E ') 
_ .j:f.HUSH\ 
end·! 
j£ TEJ\PFLAG 

the::n ret\Jrn 
P1 l:'r~•.·r.Hn· Pl.) ~= P"'·,rr\r,. 

•·• ~L .. ~ .~ "-J.a.:r... ·•- - ~ i!~ .· --#· 

R9 ;~ wbROTYPECPRIOPITY)i Bl' 
1 .. • R !' T-- ..:_ t-; \.,...., r -:- p - - ~ :1 !"' D T 0 ~11\ ~ K ) "··' "·· t._,-Jf.LKD.( ;:;., -"·~'-'--. ,._ .. ,..u...::.. "·!,.)·' ··f·~-
nl fi•T.f'·l(.lt..>i' ~- ~n nP.'rVi•!f\<::V r- •p;.i.t,.l.t1 ..... ~~} ~-,J•-;y..,<C"··· ··!~"'1~;\~ 

P8 ::2. t~JJJRDTYP!~ (BITS l:. _f-Ll: .. ~ .., -
tor J in l to~; 

. d.; 
foi;. r Jll 2 to )6 -

(+o.RF!.HlTVlli.rr.I"" lJ ::::.Re .• ELIVAL(IJ; 
P8.RJTV~L[32) ;: B: 

- R8~RITV.l1~(33l ::::: S; 
.. F!3.BfTVA.LU4J :::::,Z; 
. RiLB1TVAL(J51 :.::: 0: 



o4s99 
04~2~ 
0470H 
o4soo 
o4922 
05000 
o5ton 
0~2QQ 
053011 

~£ XEC • CC_N · 

Be .ai:rVAL [}6]·;~-c, --- -·· --
J~i i·;: tvDRD1'J.J:E(~.tCViORDJ·:· __ RB.: __ 
WRITE~~Rri~PS, ~t~PuLLWORC): 
~ . tu·· rn . . 

... t-e. . - ~-
·- _ftt}Q EXECUTE: 
-~egitL .-· 

lNSTJME :a Of 
_.,$HC f;;_Jh DSTA_OO _;;;:;-'o- ____ ----~ __ _ 

·@nrl EXEC. 

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

.. • --- - - a~- -··•--- -~--:;.._ 



,_ 

1a!i1"i!s ~~D~:r 
18~l1il5 LtDei 
lB:11:?2 LCHf?G 
l a ! 1 1 : 1 1 r, ~ 11;; G 

[L!?1'_LSJ 
(l,pTs.Js 
L1PTSIF 
(L,pTFPF 

IJPT5PL_.version .1.0.2.(2263) runninq- on-I.~P't'101., .lO ... Hay"'. 
Startinc Job EXEc, Seq #1650, reauest cre~ted at 10 

· f-. t <uti nc-;.. I'll e D.SKC: G vo 101 .r..r- T.<07 7.>t3 ,.3 ).(EXEC.) J 
Finiste~ rrintina file DSKC~QV0101,LPT<077>{3,3){EX 

run.t.i.rne_-;_secon.ds,.t8 Kcs, 65 .d.ist-~-reads,;21--=Pages p ·- l B z t j ! i 2 L, r.: s i J ~:l. Spooler 

·- -·-~· -

* J £~J[HI * u~ r~ .r K!{I.S1l~'JA r 7 o, 10 JJ ,JoL EXSC Se.9 ' 1650 Date 1-0~M t:W.••:-_82 1B! 1-3: 12 r-

~-~-

**EtD¥* U::er !<RIS!WA [70 d Q '3] ,j,vl.:: f:_XEC .. seq • 1650 .Date J.O ... £v1aY•8.?r tJJ; 1.3: 12 } 

·- - - - -

it'*J::;•m-~~ * ll q e.r Klii_SH N !\ (70, _tOH Jot EX.t:C. seq. 1650 0~1te -1-0~MaY--8?. 1-8: 1 3 . l 2 1' . 
... --- - -

' .. 

*-\ft;r;D~~* lLc:er KHISHN1\ I70.r 103) ,Jot EXEC ~Seq • 1650 Date 1 ... 1.-May .. B.2 -t8-: 13; 12 

-
*~t:.l:iD** U.:<i.er KR1S!!tlA r7Qd0JJ J.or.::. E.XEC·. :3e_q .. -1..650 -Date iO~ttl.aY.,.B2-· 1JJ!1.3:~2 

·-· · * ~E!JD"" * u;: er KE IsWllt r7 o., .101 J . .J:,)n_E.X sc .s eG •... 1650 Date. -1-o~r:~aY-·.82 -1-8 :1.3.; 12 

- ........ -
*~J:.;til)** U-~er Kl1ISililA f]{) d.OJJ 

-
J~~ EXBC SeQ. 1650 Date 1~·May~82 18:13:12 
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