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The mission of the co-resident operating system task group was: "To define a cost
~ effective mechamism within the new operating system to allow selected old operating
systems to operate in their entirety permitting simultaneous execution with no modifications

~to the old operating system".

Four people were assigned to this task, two from NCR with experience cn the NCR/Century

and two frem CDC experienced with CYBER 70 compufér sysféms.

The scope of the problem was r.ldrrcwed‘ t§ a point Qheré"producﬁve output could be

_ obtained in the allotted time frome. It wés decided the time could be spant mést
profitably in a detailed .sfudy of emulating the N CR Cenfqry compu}er Sysféms on the
IPL.” this deéision was heavily infl_uented by c‘desire‘, f.O deol' with specific 'prdblems
«rdmér;fhan‘rphilﬁsophi"cal"‘and‘incen"clu‘si‘.'e*mcﬂcrs. It was also feli that the prbducii\/ify
of the team would be greater if it were kept small.

Hévin_g vlinﬁieéi fiwe problcm in scope, vcrfops'cssumpﬁoﬁs had rob, macie bsfore furthar
>prc:;g'ress cou"ld‘ b‘;e uécompﬁshed. Key in this area waes the assumption fﬁdt i'hs;v‘r;aréab!g-m.

Wais s;o}ubvlle. As a result, the team cor»ceqirc:fed on how to effect the imp[:eménfcﬂon '

as opposed 'ré if it was possible. A second key assurﬁé:ﬁoﬁ w;cs that all other teams weuld
be successful, ch)ing assumed this, it was not necessary to spen& any time on definition
of the host system except to equate it to the CYBER 70 system in terms (:;F hardware ond

software capability,

Tho following computer systems were identified as candidates for emulation:
a. NCR Century |

b. ~ NCR315



c. | CDC 3000L. .
The CDC CYBER 70 corﬁputer systems were not considered to be candidates. The sfrcfeéy
for CYBER 70 s?sfems Aw'os taken to be ‘comparibilify‘ supported by conversfoﬁ aids. It is
felt that both the NCR 315 and CDC 3000L computer systems should be emulated, h‘owever, |
- a detailed study of rhesé iwo systems was ‘ir.np’racricai in the time frame. All three of -
, ’these ‘moc;hines are’ architecturally similar and many of'the probl ems 1o be solved emt;via'i':?ng‘

one of them apply to the others.

‘There are several problem areas that were covered in d%scuss?ng 'im;:;lemenmtion techniques
- for the century simulator. The term simu!.t;ifca'r is u.sed.‘delibéro‘rely_.to indic,:ai*e that software
is the major Afool in the process, not hdrdwdr;;, 'One major area of conéem was, which
- operating systems can and should be allowed in the simulation .envi'ronmént‘; The user
te ystem is scbroad that it does notmake sense to consider
interfacing simulafivon below thé B1 operating system Iével. It appeqrs- that all the B series
operating systems can run under simulation. The cases that cannot be handled are those
. which present sélid time crificdi sifuation% (é.g., MiCR) where the operation fails wheﬁ

respons2 is not received in a certain amount of time.

- The mzin difference between SCOPE and B series operating systems seems to be in the
handling of 1/0 devices. CDC's approach is logical rig}{f to the point of transfer of
data, In the NCR sysiems, bin;ﬁng to devices is done much eonlier ~~ partly in the
source program, and p‘arﬂy at program load time.. Mon'y of the probléms to be solved in

the simulator design stem from this basic philosophical difference.



Problem areas discussed other than 1/O were:

a. Priviléged commands.

b. Supervisor calls.

c. Imp'li_cit configuration .control.

d. - Operator communications.

e. ldl'e loops. ‘

f. Enginecering and accounting logs. |
Q. Feature redundancy.

h. Remote Job Entry.
i.  System initialization.
B Real time considerations.

All of these points are discussed in detail in Section 5.2 of the report.

~ As stated prévioﬁsly it seems that all levels of B serfeg.bpéfcfjng systems can be simplated.
' vThe‘prov‘ision for simulating B4 in addifioq to B1 was considered. On .fhe surface ft
’ csppem‘;s that B4 need not be simulated since its primary fuh‘cﬁon is to multinrograsa, Wi
'mulﬁpie B1 jobs and a simulator being shared, throﬁgh a shared cbda facility p'rc»vid.;:-d by
the host OS; the differences between the two approdches are not chvious. However, _' |
provision for B4 simulation allows the loast chcnge for the user and vendor ab a possibly
substantial performonce cost o the user. In the light of these considerations, argumants
in support of both opproachss can be made,
. @

-~ After analyzing fhe siﬁwlofioﬁ problem from many anglos it appears there are three

different solutions that may be arrived at:

1. ~Partitioned Configuration.



Can utilize NCR standalone system software under simulation with

minimum change.
Direct drive peripherals as NCR native devices.

Utitize "RJE type" jcb interchange between Host OS and simulated OS,

Applies best to configurations having a small number of periphzral devices.

Allows customer and use to centinue to use existing cperation, administrative

and usage protocols,

Least development ekpense.

Moderate relative performance (SWAG).

Leust aiiractive io user because of disjoint sysiem but jsast user conversion.

Host lmbedded Simulator Support Package (with direct driven peripherals)

Total configuration control is maintainzd by Host G5,

:

Common 1/0 queues end input/output precs<uses.

Applies bast to configurations having a moderate to large number of

peripherals.



Most development expense.
Worst relative performance SWAG)

Moderate attractiveness and user conversion.

Host Imbedded Simulator Support Package (with peripherals driven

through host OS).
Total configuration control is maintained by.f'iosi‘ :OS.

Total cénerl of 1/O support is maintained by Host OS.

i Applies best to configurations having a large number of peripherals

and/or a large real memory capacity.

Moderate development expense.

Rest relaitive perfoimance (SWAG)

Most attrictive fo users but requires greotest user convession.,



The peripheral support question seems to reduce to the following case analysis: |

C [ devices
7 |
\‘C 11 devices

1. Simulator direct driving peripherals

- ' , -C | devices
2. Simulator uses Host OS 1/O services(\
: : . . SIPL devices
(the double arrow indicates expected utilization density)
Case 1 is in fact the same case as that for NCR supporting its standalone custcmer
* base. The results of this NCR support in conjunction with the recommended partitioned
configuration solution will be no additicnal effort for vendor or customer when moving

| to the IPL.

Case 72 will invalidate the partitioned configuration solution. It essenﬁclly requires
that the Host OS and/or simulator become intimately aware of the inherent characteristics

~ of the 1/O structures and ptotocols for both CENTURY I and IPL systems.

It may be stated that in general this case complicates the process for keth: vendor .
and customer. ‘The vendor must develop and maintoin a more complicated simulator
package thot is in additien to the stundard OS offstings, The customer must convert his

deta files frem the CENTURY | devica to the corresponding IPL davice, (porhaps the most

¢ omplex and difficult portion of any conversion effort).



?

Implemenfdtion costs of the simulator were estimated to be no more than $1 M, regardless
of the approach, when all efforts are included. Maintenance costs will be $25 K yearly.
Thé simulator would run at an execution rate approximately double that of a Century | -

300 and would leave at least 25% of the IPL processor free for other work.
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1.0 EXECUTIVE SUMMARY

11

1.2

1.3

1.4

The mission of the co-resident operating systems task force was to

deduce a.mechanism whereby existing NCR and CDC computer systems
could be emulated on the joint componies Integrated Product Line (IPL).
The following computer systems were identified as candidates for emulation:

a.  NCR CENTURY |

b. NCR 315

e CDC 3000L

The CDC CYBER 70 computer systems were no‘t. considered to be édﬁa’idaiﬁs.
The strategy for these systems was taken to be éoﬁpcf*ibilfi-)' supported

by conversion cids; | | | |

The NCR/CENTURY se;-_igs wef_é ‘csnc-slyzed in detdil, ahd an optimum
soiution invoiving puﬁifioning lof the hqr&wcre was devisea. impleménioﬁoﬁ
costs of the émulofor:were estimated fo be $1 M with maintenance cosfs. |

of $25K yearly. The emulc:for.Wc)ulAd run at ‘an execution rate a;ﬁproximotevly_ |
c.io.uble that of o CENTURY i/300, and would le'uvce ot leost 25% f}f’%he
I?L pf'o;:essor freo for other wor!;. | |

A more general solution utilizing h'ue'co—residency was analyzed in
depth and shown to have similar éc;;fi‘s but with a slighily dagraded
pérformdnce over the pertificnal technique. For this reosen, it wos not

favored for implementation.



20 INTRODUCTION
2,1 | Thé_ mission of the c0arésident operating system task grbup was:
"To define a cost effective »mechonism wfthin the new operdﬁng system
to allow selected old operating systems to operate in their entirety -
permitting simultaneous execution with no modifications to vfhe old

operating systems."

Four people were assigned to this task, two from N CR with e;-<;3erien§e
on the NCR/CENTQR‘( computer sysfems,vcnc.’ fwo ‘frc;m CDC experienced
- with CYBER 70 computer systems. The task was to be cddressed over
a six-weck period. . 'A | |
2,2 It was apparent from !'he- outset that the sche:dule was extremely ﬁgﬁr_, '
and wfth intervening meeﬁﬁgs of the cvol-chc‘:iir,men' there .we;e Qery
- few working days when the team ‘coul.d meet. For this reason, the
first step taken was to narrow the problem down to a ppin’r'where |
“productive output could be obminec;in the cl!éﬂedtimefrcme.- To
this end, it was decided that the time could | spent miast pre??i@!ﬂy
in é t;!emiled study .of emulating the INCR/CENTURY computor systems
on thé IPL. This decisien w.cA:s heavily influenced by a desire to deal
with specific prob’lems‘rcfher than paiiméphica! and inconciuﬁive
matters. It was also felt thot the productivity of the team would be

greater if it were kept small. All that remained was to make maximum

use of the expertise of the team members.



2.3

2.4

(8]

2~

It is nd suggested that NCR/CENTURY computers are the only candidates

for emulation on the IPL. In fact, it was felt that both NCR 315 and

- CDC 3000L computer systems should be emulated. However, a detailed

study. of all these systems was impractical m the time available. Forfunately,
all of these machines. are architecturally similar, single channel, ’sinQ!e
érdcessof, programmable channel interrupt driven computers, and ﬁwny
of the problems to be solved emulating cne of them apply to f‘he othars,
Having limited the problem in scope, various assumptions had to be riade
before any further progress could be made. Key in this orea was the
assumption thot. the p-roblem was soluble. As a resulf, the team

concentrated on how to effect an implementation, as oppesed to if it

1 was possible, Naturally, the former‘.cpproa»ch yields the latter answer,

-whether positive or negative.

A second key assumption was that all other teams would be successful.

This essumption implicitly defined the host computer systeri. I was

" not necessary to detail this system in any more dezth than couivalenaing

it to CYBER 70 systzins in terms of hardware and soitware cu apilitics,
The bulk of this paper describas the implementation techniquss for the

simulator, The torm simulator is used deliberately to indicate that

software is the major tool in the precess, not hardware, The most

complete analysis covered co-resident systems, which was the mission.
However, a slightly different approach for the NCR/CENTURY simulation
was investigated and favored for that system. In that cppz'oach.,'the:

host computer system hardware is partitioned, yielding essentially a
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standalone CENTURY | emulator, This solution is not necessarily a
general solution for all computer systémé, but it does fit in well with
the current development plans of the two companies. It is ihflﬁenced
greatly by peripheral configurations and the transition paths which
may be taken beiween currebf l\lCR/CEi‘ﬁURY | peripherals and
CENTURY ll/lPL periphemls. For this reason particular attention
was given to problems in that area and a separate section de“;‘oted

- to them.



3.0 SCOPE OF THE PROBLEM

3.1  Systems Considered

3-1

In the interests of limiting the scope of the problem to a manageable

“size, computers not manufactured by either CDC or NCR were not

~ considered for emulation by the [PL. The computers and operating

systems considered were:
3.1.1  CDC 3000L

3.1.2 CDC311IL.

3.1.3 CDC - CYBER 70
3.1.4 CDC- CYBER70
3.1.5 CDC - CYEER70
'3.1.6 YANCR 315

3.1.7 NCR315RMC

. 3.1.8 NCR - CENTURY |

- KRONOS 2.1 3 |

. SCOPE 2.0

MSQOS
MASTER

SCOPE 3.4 S
. ‘2 Lower CYBER

(ON
oS

B series as follows:

Upper CYBER

: oS Bl B3 R4
COMP. A o |

55 T -
100 o
101 ~2/-2A - =2/-2A
200 -2/-2A -2/-2A -2
251 -3 -3 -3
300 -3 -3 -3




3.2 Selection Criteria

3.2.1

3.2.2

CDC 3000L - MSOS/MASTER

These‘ computer systems were considered to be definire ccmdidéfes A
for emulation on the IPL. However, it was dec?ded not to address
them speciﬁccll\," .‘.'/i.*h the curront commiffce; The NCR committes
members could oFFerllifHe expertise in the areq, cnd the CDC
commi;ree members' experience was primarily on CDC-CN1o7

computers. It was felt that 3C00L emulation wes basicuil oo

internal CDC problem and increasing the team mambershin

to address that problem would dilute the overall effort. In
addition, the machine is architecturally similar to the NCR

CENTURY computers with respect to emulation. By that, it is

-meant that both.machines.are.single level memory, single.processor

computfers, -

CDC CYBER 70 - SCOPE 3.4/2.0 - KRONOS 2.1

-

These computer sysions wers net regerisd! o5 can . tos for
emulation. The current CDC strategy 5 aof to &ﬁ:if?":ﬁe; CYirx
70 systems on the IPL computers. Tha du.ipn objeciives aie |
for maximum compatibility with CYIIR 70 ond to eass ihie con-

IRy

version problem that the user must face. The current CDC/ANCR

study effort has not uncovered any facts which would cnuse the

stratagy to be revised,
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3.2.3

3.2.4

NCR 315/315 RMC OS
It was decided that these computer syétems would not be addressed

specifically by the committee. They are, nevertheless, candidates

for emulation. The NCR CENTURY computers using the Bl operating

for instruction emulation. 315 1/O simulation is performed in software

under B1. Hence the problem hos been solved, cnd further effort

in this area at this time would rot be utilizing resources at Load

" in an optimum fushion,

NCR CENTURY - B Series OS

imulate the 315 machines, with hardwore assistance

These current NCR compuier systems are prime candidates for emulation

“on fhe IPL, and it was decided that the team would devote most of

»lfS energles in fhls dlrochon. The team members exoerhse is well

mafched to l'hls exercnse, hence the maximum beneﬁt can be der:ved

by drawing on this expertise.

Final Selection

In arriving ot a single system for the emuicaiion sivwy, the comm nfx,..ln..(,( ize

that much work weould remain in other areas - notenly &JDOOL O the ather

hand, mony of ihe techniques cspplicd to CENTURY emulation will apply to

3000L emuiation, and it is aaticipared that many of the problnm areas, if not

the specific solutions, will be common to both systems. The team had a si‘rong

desire fo deal with specific problems, in detail, and not to address the overall

the team was seen as detrimental, and the problem was narrowed down to make

~issue in a philosophical vein. For this reason, co-opting further members onto

d
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optimal use of the limited time-frame and full utilize the talent of the team
members. It must be remembered that CDC 3000L, NCR 315, and NCR CENTURY

computer systems were all identified as candidates for emulation. The NCR

CENTURY series will be considered in detail here.



4. ASSUMPTIONS

Since the IPL hqrdwﬁre and software, .le best, are ill-defined at ffwe present
ﬁmAe, several assumptions must Be made regarding the g‘eneral environment. .
, Tﬁese assumptions are discussed belo‘w‘.
‘4.1 The objective of the exerc.ise is total hardware emulation as opposed
to the reproduction of selecfe.d operating system Funcﬁons.. 'Al‘l CENTUR
operating sysfenﬂ code and user application prezrams are to e:~;é;u%e
on the IPL without change.
.S'Ubs;fcn’rid impact - no examination weas made into ?vhe“pr:)s:,ii;i“ty
ibf directly supporﬁﬁg cn); leve! of NCR user jobs within the
IPL OS (i.e.‘; no simul'dﬁon. reqpiremenf).
'.4.2 ' The problem is assumed to be soluble in that similar p‘réblems have been
‘,.solvec.l{suc‘cessful.ly in the past. | | |
~ Substantial impact - led to a c'!’elﬂ':iled} ;tudy of the spe;:ifics of

the problem rather than the generalities of emulation/simulatien.

4.3 |  The IPL operd.‘ing syi:,:'am' is assum::c! to be‘c'zr leccs as_pow:::z"‘u! as CYSIN 70 »
SCOPE 3.4 In addition, the logfcul cons{'rﬁci's uzed in SCOPE 3;.4 are
.assuﬁzéd fo exist in the new s;tsrérn in asimilar form,

Minor impaér - used as a point of refcrence for HOS.““OS‘
capabilitics.
44 It is assumed 1h‘ar the simulated system can obtain direct access to.

dedicated physical devices.
- Substantial imﬁact - the pgrtiﬁohéd configuration solution was
a direct fallout from this ogumptiohl; In an embedded solution
the Amoin effect is on the Hosr'OS I/O" devices and the extra

~ development costs for these drivars.



4.5

4.6

4.7

4,9

Y-o

The hardware instruction reperfoire on the IPL is assumed to be roughly
as powerfu'll and flexible as that of CYBER 70 today. .ln this context the
6150, CYBER up CPU and CYBER 70 PPU or IPL CPU/PPU are assumed to
be quproximately equivalent processors. | |
Substantial impact ~ no study wes made in the area of ffcdif?cnc!
"emulators”, In particular, no dependence was ma&e on‘th.e |

copabilities of the CPU sunplying the processing powsr.

As a follow-on to the previous assumption, simulction as ecppozed to

emulation is taken as the key area for investigation. Simulation being
defined cs; imitation by software, emulation as imitation by hardware.
Substa.nﬁaf imf;ccf - no study was made in the area bffrc:diﬁonal
~ "emulators". In particular, no dependence was made on the |
,A'capabi lities of the .CPU supplying the pr.oéessi‘ngpowe'r. .
It is assumed that NCR will implement a CENTURY | simulator on .fhe 6150
for their standalone .cusfomer base. |

. re

Substenticl impact - tha purtitionsd configuration soluiion

was a direct fallout of this assumption,

o it ds assumed that the 6120 is an integrai component of {PL, being eithar

¢ péripher‘c! processor or a central processor, but, in any event, being
present on all IPL systems.
Substantial fmpact - tais allows all NCR siendalone sysrem sofiwvere
to be considered for use in a partitioned IPL cenfiguration.
The CENTURY 300 and large 200 systems are considered the major
candidates for simulation on the IPL. All other CENTURY series machines
will be accommodated thru existing upward compatibility wlthin t.he

CENTURY | series.



4.9

Minor impact - reduced scope of problem.
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5. ANALYSIS OF THE PROELEM

5.1 CENTURY | Operating Systems

In order to simulate the CENTURY | operating systems, it is necessary to

have a thorough understanding of the features offered ‘by,these systems,

and the techniques used to implement them. A complete description

of the B-series operating systems is cut of place in this document; instecd,

their salient features will be noted and major differences in philoseph;

with CYBER systems will be pointed out.

5.1.1  Bi O‘percfing System

(523

~ This is a monoprogramming cperating system which processes some

0.2

basic control cards and assists the user with 1/O organization. As

such, it may best be regarded as a Job Supervisor or Job Monitor .

“similar to the FORTRAN Monitor on-the 1BM 7090, The system uses

3-1/2K bytes of memory and requires a syéfem disk for its operation.

It is widely used on CENTURY 1 mode'IS 50, 100, 101, ond 200,
The interface beiween user job and the O3 is well defined bui is

frequently violated, For the purpeses of this regport it will be token

fe
(6]

as a given that total simuldi'ivon:of' the Bl ope‘rmfig':g:: systam vl
providad,

B2 Operating System

B2 \’écss developed to handle on~line, reci-time devices -

typically terminals. A tasking copability was added in B2 although

typically only one task runs under B2, servicing a numbei

of terminals. There is a millisecond call-by-interrupt real-time
clock running under B2 which is used to time-out users. There

aro no known time critical problems under B2, (Time critical is
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defined to mean where failure to respond in a given time frame.

results.in failure of the effort). At worst, slow simulation
would lengthen the response time at the terminal, which could lead
to operator/user frustration. However, such irritﬁtion does not -
preclude simula'ricm,. c.md for the balance of this réporf B2 .siniulcu»‘ion
will be considered equivalent to B1 simulation.

B3 Operating System

B3 is a multiprogramming operaiing system which simultaneously

~ exccutes a fixed number of jobs. Each job is under the control of a

'seporlafe cbpy of B1 or B2, ‘Memory is allocated in fixed segrﬁenfs,

and the process’br is shared by different programs, thereby giving

- better utilization during 1/O processing. Device allocation and

“basic multinrogramming system vsed by the larger CENTURY |
, A Preg g'sy 7 S _ s

machines - the 200, 251, and 300,

| B4 Operating System

This system is the logical extension to B3 and provides general memory

management facilities. The B or B2 segments controiling jols are

no longer constrained to fixed memory areas. 84 is ¢ izgo system

(64K ~ 80K bytes) which offers unit record spooling, ish accounting,

ond job control via a job specification languoge, in wddition to

other featuras not found in B3, 1t is @ new system which is cuirently
in use ot only a few sites. However, in the IPL time-frame

(1975-1976), it is anticipated that it will be the system favored

by most CENTURY 251 and'up customers, and will therefore become

the major-OS considered in this report,



5.1.5 B-Series Vdriants

S5.1.6

Along with the four basic systems described above (B1-B4),

there are numerous variants which take advantage of hardware
features found only on the larger machines. These variants are

.
1

ceteloged in Section 3.1.8, Since the differances in thoee sytroms
are hardware relvcfed, rather than software reiaied, the impact on
the proposed simulator is é.xpecfed to be mihimdtl. There is one
Qarianr not cataloged, némely the NCR Hise -sharing system which
runs BASIC and performs mony of fhg funcﬁohs of l~h§ B2 operating
system, It is not proposed to cnalyzé this system in detail,
Differences Bgfween CDC and NCR Systems |

Perh|aps the most imporfaﬁf dnd .nvmosf signifi ?:dnt différence between
SCOPE/K RONOS operating s}stems and the B-Series lies in the
hcncﬂiﬁg of I/O devic;as. _CDC approache§ the problem in a |

logical fashion. The user refers to logical file names, and logical

device typas, the operator refers to o lezisal devics nrma, The

" binding of logical files to physical davices is a dynomic function

which does not toke place until carusl data tronsfer occurs, The

NCR systems are diemetrically con. =d to this positien, Devicos

!

resses, (actual channel,

are refarred to by their physicel o

equipment and unit numbers are usad), and binding to device typass

is performed early (in the source language) and is static. Many of

" the problems to be solved in the simulator design stem from this

basic philosophical difference.



5.2 General Simulator Design

5.2.1  Users issue two types of instruction to the CENTURY l'c.:omputerg normal
commqnds and privileged commands. The normal commands may be
simulated directly and require no specidl actions on the part of the
host system, Privileged commands df::c;l with 1/O and control of the
system, and,in general, require the: ome special é-ci?.on bz teken by

the host system or by the simulator. A list of these privileged commands

follows: '
INOUT - The only I/O coemmand on CENTURY computers,
WMTl - Pause fer operator action. |
- SWIN - With apprepriate adé!ress: field, réad; eight console

switches into a byte; otherwise used os a supervisor
call,
| ‘ S |
LDMONR - Debug aid to breckpoint a program or place

machine in step-mode.

LDBAR - Sets bounds registers.
IPON ~ Interrupt pziii on.
IPOFF - lnterrupt pernii off,

Legically then, instructions are divicl:d into two caiogories ’u/ the
simulator, Two other conditions must he é';'aqted by the simulator, The
CENTURY 1 computer is inforrupt driven and permiis an instruction to bu.
repeated o sot number of times. Even if the hoat syitem is not interrupt
drlven, Interrupts must bo simulated for the CENTURY | environment to

be totally reflected by the simulator.
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‘A general block diagram of the simulator is shown in Figure 5.1. The

box labelled "SETUP" simulates the instruction fetch of the CENTURY |

and dlso simuldtes 1/O interrupts. It is re;cognized that much remains hfdden
in this box, and the feosoﬁs for not breaking it down further are exblaihed
below. The pri\/ileged instructions requiring special action are sho‘«;m

on the right-hand side of the diagrom end are discpssed in some defail 5“

the following paragraphs. 1t had been the intention of the team, having

“reached this step, to construct block diagrems for each CENTURY |

hardware instruction. The dicgrams would ke broken down to the leval’
where each box corresponded roughly to a 6150 instruction. If was hoped

by this technique to establish cpproximate performance data for the

simulator, Happily, this task was rendered unnecessary by the fact that

NCR had clréady progressed beyond here to actual coding ekcmples.

~ Their resulting timing data has been utilized for cost/performance anclyses

i ,
discussed at a later stage. In addition to the basic instructions, NCR have

also analyzed and codad the setup process which was deseribed obave,

Only the privileged instructions INOUT, WAITI, end SWIN are shizwn

“on the block diagram since the remoinder can be handled without cay

interaction with the host system. The exception is LDIAONR, which is
stricily a dabug aid, 1t was felt thot the primary erphesis should be
placed on tha simulation of preduction codes, and certainly in 1'!.55:\?3‘3::3
implbmonfcﬂon debug ci-ds could be omitied (NOOPed). There may also
be morkefing reasons for omltting the command from the simulofor. if it

is desirable to have users make the transition >from CENTURY | to .!PL.
Such philosophical reasons aside, there are no particular difficulties 'which

were foreseen in simulating this command.



5.2.4  The INOUT Command
There are several problems associated with the INOUT command which

are investigated in the following points.
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5.2.4.1 Transformation of naming conventions

NCR‘identiﬁes a device type by its physical
addfess, that vi.;., its trunk (T), position (P), and
unit (U) numbers, or in CDC ferminologybifs |
channel, eéuipment, and unit_number:;.' It is
necessary for the simulator to make the trans-
lation from TPU fo device fy.pé, arvi this can be
‘done by constructing tables in the simulator as
itis loqdeci. The B-series opev%csting systems
recg?ve i‘hg same dat'q via confrol‘ cards (PAL L
ccrds) and the simul.ator input would pérclviei

‘these enfries. A suggested format of these en-

tries in the simulator would be:

g

-

Thg flag 'wo-uld indiccﬁe whel-her or not the INPUT
being processed represented the first access fo-
that pariicular device. The gcneral‘ﬁow for
INOUT is therofors:

a. Llocate PAF

b. | Extract TPU and control word (CW)

c. If first access then REQUEST déyice from

host operating system.
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d. Translate TPU to -lfn.

e. Translate request code.

f. Transform date/! {)u‘ffer formats.

g. lIssue host l/O request.

h.  Usdate 170 activity list for ENDCP
tesf; |

i.  Insert 52 status.

'5.2.4.2 Translation of TPU fo Ifn

Logical file names may be constructed by
appending any alphanumeric character at the
beginning of the TPU. " For example, if the TPU

 was 6700, the Ifn could be A6700.
5.2.4.3  Operator Messages |

These will always be a problem in the simulated
environment. The p}oblem may b eated by ¢s-
iublishihg conventions for zirulaind jobs. For
example, if a user issued messcaes to o’ésmoun? ona
pack and mount azwi"nér, then the opfzrﬁ?_or would

do exactly that - mounting the new pack on the

same drive.
5.2.4.4 Alterﬁative Solution

A more general solution to this entire problem area is

to make physical device assignments, support NCR/
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CENTURY peripherals directly, and dedicate a

PPU to the simulator.

5.2.5 The SWIN Command

The general flow of the ;,imul_cft—::d SWIN command .is shown in
Figure 5.2. If the SWI-N isa n‘ormai hardware instruction ‘to

read the console keys, then simulation will involve i}:i'erc:fjon
with the host cperator, or reading simulated keys held within the
simulator field lengfh. .There may be a problem if NC?:,/CENTURY
devices are nof driven directly, since the SWIN command is

used when calling on the operating system to share devices.

L3

5.2.6 The WAITI Command

This command may be simulated directly by a call to the host to

- PAUSE, followed by operator action.
5.2.7 Cther Problem Areas
Several other problem areas were identified by the fe;zrn and
solutions to them were proposed. Those probléms and soiutions
~are discussed Lelow:,
5.2.7.1  Datu Path Transformation

File control procedures used on the CENTURY |
computers are unique to them and are difficult to
simulate. The simplest solution to this problem is

to provide special PP codes that use the NCR/CENTURY
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. file control procedures and tables.

Implicit Configuration Control

On the NCR/CENTURY computers, ﬂ\e config-

urafion is controlled either by personal communication

with the operator or by informal operator messeges ot

the 81/2/3 level. B4 adds some explicit capakility

via control cards or by a formal protocol. CTircum-

venting informal operator directives is o poriicularly

difficult problem and three alternatives were postulated:

d..

Design the simulator such that it is sensitive to

message content. This solution was discarded by -

-

the feam due to ifs EXTREME complexity.

Providé tools within the simulator fo‘r the ope;-
tor to determine the sfcxte of the simulated B-
series environment. In cddition, on opercr-io:js
proto~co| would have io be establis . e to hiows
to use the tools provided.

Assuming that NCR/CEHNTURY devices ore

dircct driven via a dzdicated PPU, ihan the

- problem is automatically eliminated, and

operator action would be identical to that

seen todoyrivn the CENTURY 1 environment.



5.2.7.2 B4 Operator Displays
!

The general displays set up by B4 for the operator
will need spécial actions by the simulator, part-
iculd.rly where touch plates are concerned. Normal
, devi;:e simulation through the host console should
suffice fo eliminae this f)rob!erﬁ. Touch !<ey§ are
simulated by operator type-in and flag seitings in

the simulator.
5.2.7.4 Idle Loops

It is imperative that the host OS control" any idling
in the sysfem. Idle foops in B4, for exarﬁp_le, must
reiinqbuish control to the host immediateiy.v There are

~ two types of idle llpops: transient (a job or Aiobs inthe
system but waiting for 1/0 maybe),and permanent = no

- more jobs to run. The simulated system mus! iye modified

fo return control to the host whenever the Tiis io'opv e
fanfcred. In return, the host musi give co;~:-f:' 2 back

’Aio the simuluter on previously listed conditions being
met. When the "no job" idle condifion occuré, then

the operator must be interrogated for subsequent acticn.
5.2.7.5  Engineering/Accounting Logs

The host system will maintain both engineering and

accounting logs. These logs, or porfions of them,
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may be duplicated by the simulated system, and
accounting may become confused in the process.

The two logs are addressed separately. |
5.2.7.5.1  Engineering Logs

The host system is responsible for logging
all activity on physical devices {including.

~

‘memory pcrity‘er'rors)‘und this infoermation,
“in general, will no.f be passed con t‘o'th.e
:simu!ate.d sy'sfem for dup!i'coﬁon. Wh‘g.é
the simulator is using direct drive NCR/
CENTURY devices, error data _v_v_:l_l be
ha'nded .back to the .simulofedi -operating
system' for logging there. The'mainfenonce
engineers,._ in this case, will have a choice

of the source of data for their maintenance

activifies.
5.2.7.5.2  Accounting Logs

The accounting information will ke kept in
the simuloted system, typically Ud since 81
does not perform any accounting functions.

The difficulty is in absorbing the overhead

due to simulation. The degree of difficulty
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in a rigorous solution to this problem by
far outweighs the benefits derived by such
an exercise, hence such a solution should

not be attempted. In the B1, simulated

[ &3

cnviromment, accounting will be UL CTiE™

.lished by the host system, and the simulator

[

sar

‘overhead wiH‘ be abscrbed by the v
butomafica”y. This entire probism area ‘
is not regarded as serious, since few
NCWCENTURY customers cire known to

use accounting procedures.
- 5.2.7.6  Feature Redundancy

Many features will be dufalic'ated by the host and sim-
vlated systems, for excmple;

) ‘_spoo‘liﬁg

o accounting/engineering log:

© operator communication

o date transformation

¢ device error recovery

e job centrol language, ete. '.
lt‘ is dcsirablé, to maximize performance, to miﬁimiz%: these
redundant activities. Some of these prob’lems; are addressed

separately. Spooling appears to be a major problem which
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will require special attention. A solution is t§ modify
the simulated system (B4) to eliminate fhé feature from
it. This particular form of solution has been cvéided
here by incurring the penalty of an additional disc ‘to

Ph4

disc transfer to simulate the spooling function of P4, In
such cases, trade-offs will have to be made between

exact simulation and performance.
5.2.7.7  Remote Job Entry

This is a particularly difficult problem in the B4 sim-

ulated mode since the ioB being run by the bosf is; the

sirﬁ-u!‘afor. Jobs submitted to B4 By NCR/CENTURY
_users.enter the host-system-as-data ~-f’o~~'fhe.-\s?'n.1ulAdfc.>r. It

is difficult to arrange for this data fo be submitted,

without demand, frorﬁ a remote site. The problem

evaporaies in the 21, c.-miror%m::nt, and ::onsiéewi‘ion

is given to such' a simulation in a later eciion of this

paper. The normal modus épemndi of 1t @"-;ila?;,."'CEI\J'i‘UR;f

sysiem is not RJE, hence the preblem is “C,;f‘ seén as

major one.
5.2.7.8  Writing on System Disc

What amounts to a common, read only disc in the host

system is written on by individual Bl partitions.
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, Ass;uming that NCR/CENTURY devices are direct
devices, there is no_'problem'sincie in the B4 environ-
ment a solution has ai.re.ad);:b'é.eh .f..o,u.r)d.;" and in the Bl
environment the host will only permit one Bl simul.ofion
to execute af one time per physical device. This will |
not require any special cction on fhe_pdrt of the host if
it is ossumed,‘fhcf there are only sufficient devize: for
one simulation. Normal resource cllocation afgc%iihms
wi‘ll solve the problem. Where the NCR/CENTURY
de\;ices are simuloredv on the host disc, then muliiple
cépies of the simulated system file will be made on the
host disc, and users granted read, write, modify, and

~ extend permission on the copied files.
5.2.7.9  System Initialization

In any simulated environment such as that preposed here
y H T2

it is important to incture that the simulated compuisr can

nitialized/decdstarted in on orderly foshion. The

be
simulator will be .’c.cided‘ as arnciinal fob in the host
system, and is first task will bz fo process iis contiol
cards. It has already been discritied how it is necassary
to describe the configuration to the simulator prior to
execution of a simulated job. The simulator would next

create the bootstrap code, norma”y supplied by hardware, .

ther: - :ecute that code as a regular simulated sequence.
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Since the system initialization process is usually a
somewhat lengthy process, it is recommended that a
checkpoint dump be made on completion of it and

that subsequent usage commence from that point.
5.2.7.10  Real~Time Considerations

This problem is defined as the feilure fo respond to an
external stimulus in a given time~{rame causing fhe‘pro—
cess to fail. Aiseco'm.:'cry issue is failure to respond fo
an external stimulus resulﬁrllg’ in inéfficieru:y or
Joperafor/user frustration. The primary cc;se does not
have o‘gen'erc.:l solution. | Either the simulctor. is fast
enoﬁgh to handle the required res;ponse' time or it is not.
If the s?mulator is not fast enéugh,’ then the cpplfcaﬁon ,
must be placed on the host computer. The'vo'nly applicat-
“ionor device on NCR/CENTLRY equipment known to
fall into this ca?czvgory is the MICR.  On this device o
check is ref:-:!,; and, while ii (s m‘*.».fving fhrough the recder,
computations are performzd 1o rcua, it to the correct
OL’.i"pui'vhoppver. If i’-’*::‘f,:"-. cdz‘n;:;u.*aﬁons are not ébmpletm’
beforé the check reazhes the output heppers, then the
check is automatically rejected by the device. All

other time dependent situations on NCR computers dppear

to be of the secondary type of consideration.



5.3  An Alternative Approach

- 5.3.1

5.3.2

In the preceding pages the general problem of simulating one

compufer Sysfem on another has been addressed. The NCR/CENTURY

series of computers has been investigated in defci!, problem areas

|dcnhf|ed -cmd so!uﬂons proposed. [t is postulated that the problems
with that machine are not unique, but many of them, ﬁnd their
solutions, will apply to other computer systems such as CDC's -
3000L series; For f’nis reason, the prob.em hos baan L.:dC:I’eSSL dina
fairly gerierul f;sshion,,and no assumptiions iw.c.ve.’ceen made reéerding
specific hdrdwcqe‘,conﬁgurcﬁcns of the host computer. However, if

probably configurations are considered.fqgeiher with current NCR

-.development-activities, -then.alternative approaches to the task in

Hand present themselves.

Configuration
The general, er?y, confiour n for the IPL is shown in Figure 5.3
A key element in this configuration is the NCR 6 1.5: computer.

Cun"emly, NCR is engagad in a develep: ni program for @ CENTURY 1

TN

computer, namely the 6150, and CENMTURY | sinulutors are under
develcpment for this computer. i is not difficult to establish a

!
growth pattern for a CENTURY user from this configuration, and a
viable pattern is shown in Figure 5.4, If this frain of thought is
pursued even further, then it is readily apparent that the entire task

of simulation of the NCR/CENTURY computer can be achieved by

a logical segmentation of the hardware. This logical separation of
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a portion of the hardware by the host system will be termed

“partitioning” in the remainder of this report.

The advantages of partitioning are numerous. Many of the problems
already discussed disappear in this environment. The hardware growth
pqﬁerﬁ follows the general IPL ¢pproach. Duplicity of effort is
eliminated or minimized. Against these advantages are the intro-
duction of a difficult transition probllam from the simulated fo the
real"environmenf. In cddifi'orﬁ, some extra hardware may be required
to drive both the NCR/CENTURY 1/O devices and the IPL I/C

devices. The transitional steps would be:

" a. Runin a dedicated, simulated CENTURY | miode.

b. A'terncfe between the IPL mode and dedicated CENTURY |

mode.

c. Run the IPL mode and CENTURY | mode concurrently.

~d. Runin IPL native mode only.

or

e. Run cn integrated IPL/CENTURY | system. By iiiis is mocid shat
the additional devc!opmeﬁ.‘ steps would be recui: - jo:
(1) Exchange jubs;
(2) Exchange job sieps;
(3) Ixchange eniire files;
(4) Exchange partial files.
The exact course chosen here will probably be dictated by market-

ing strategies and other less technically oriented factors.
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5:.3.4 Giv.en. fh’éf the NCR 6150 is an integral part of the IPL, and given .
that NCR devices will be direct driven by the IPL, and inen that
NCR are pursuing the 6150 as a stand-alone CENTURY | emulator,
then the portifioﬁed cppréach is the favored opproc;ch. It is a
solution unique to the C.E_NT RY | problem CI!;zc! a similar approaéh
for other éompufér systems does not follow cutomaticaliy as

corollary to this argument.

5.4 Operating Sysiem Simulation Considerations

| 5.4.1 The overall 'proi:lem of simulating the CENTURY | compufer system
 may be‘ addressed at ﬁevercl levels. The approach of providfng lfke
operating system funciions and executing user codebdi_r.ecﬂy'was "con...'
sidered but reiecféd due to the reiative .‘ease of aiternate te‘clhni»ques
which have 'suBsfdnfially smaller effects on the host operating system -
and pr‘ovide‘c.omprabl.e sexivice and performcnce to the customer and
user. The possibility §f simu!cﬁng cither the B operating sy:tem
or the B4 operaiing system v?as consideredo!so; ‘C‘ﬂ the surlucs |
there appears to be litile gained by simulating 24, since its ;.;»:Z:-‘z'.c:r\/
function is to mul;‘i p;'ogmm several jobs, gt under the contiol of a
Bl system. It con safely be assumed f10 ths host syétem will be a
multiprogramming system, in which w,c by simulating Bl it il
provide many of the basic facilities suppligd by B4, and thereby |

eliminate the need to simulate B4. However, a more exhaustive study

of the problem reveals other factors which make the choice less obvious.
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5.4.2 Advan‘rqges of Simulating B4 (In addition fo B1)

a. Offers least change for the B4 user. In practice, probably no
c’_honge need be made to a user job executing under a simulated
B4.

b, It Will_be the least effort f&r the vendor. Assuming that B4
“development on CENTURY | continucgs and overle;s the intee-
‘ducﬁon of the IPL, then continuing changes to £+ wili be accom-

odated automatically. |

c. The host system or the simulator need not provide B4 features

not provided by stand-alone B1.
'5.4.3 Disadvantages of Siﬁulaﬁng B4 (In addition to B1)

d. Several functions will be executed redundantly by B4 and the
host Sysfcm.

b. Changes will have to be made to B4. (Many small changes , no
lerge cl‘xcﬁg;es i‘c‘ieniiﬁed)‘ |

C. ﬂ)e oparator console is‘difﬁcuh (but not frar-iblat tea cimiiota,

d. Performance will be degraded over o pure 81 :lmulaiion due to

the additional cede 1o be executed by the simulator.
5.4.4 Menmory Requirements

When considering the pros and cons of simulating B4 versus B1, the
amount of memory required, in addition to that of the user jobs must
be factored in. For this purpose, the following size estimates were

- used:
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a.  Simulator ~ 50 - 80K Bytes (based on several
. simulated efforts on CDC CYBER 70)

b. B4 Operating System - 64 - 80K Bytes
- C. B3 Operating System - 16K Bytes
d. B2 Operaiing System - 7K Bytes

e. B1 Operating System - 5K Bytes

This suggests that o single simulation of B4 is roughly usivdent to
two-versions of B1 being simulated simultaneously, fﬁ‘:l’f‘i'.’:f;i';il‘;‘fl—in‘_.:,‘, of
course, that each job under B4 has its own copy of BI. ,*’ is éble
to run several jobs simultaneously, hencé memory utilization favors
the B4 simulation. It is recogniied that the merﬁqry requirements for
the simulator have been exaggerated; hdwever, ‘that is offset by the
resource allocation problem discussed previously‘, and the difﬁc@lt;
ies inherent in runniﬁg mulﬁple copies of a Bl si.mulafor. |
Note: Any shared ccde fc:cilii'}/ providad by the host OS will

~invalidate the above argument.

5.4.5 Summary

The provision for B4 simulation in addi: - v 1 31 simulation, allows
7
the least change for user and vendor ¢i - possible substantia! pei-

formance cost {o the user. All three peiads appeor to be positive
from the vendor's point of view and therofore it appears as a reasonable
plan of action. (Performance cost to the user can be translated to

additional hardware sales for the vendor).
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5.5  Peripheral Support Issues

5.5.1 Transitional steps for CENTURY | customers

For purposes of evaluating the peripheral support issues involved
in a customer moving through the CENTURY 1, Il product line the
 following progression paths have been postulated:
(i) ClH/W (i) a. CIH/W CGH) e ClIH/W ) |
Cl S/W —  CIS/W —_— cusw  hav)’
CI PERIPHS. \ Cli PERIPHS., ‘ Cll FER!PHS._‘;'
]

OR (i) b. Cll H/W (=6150) | @(iii) b. Cll H/W

— Cll /W (C1 S/W) b — Cansw o\
| CIPERIPHS. | -1 peripHs. (W)
from (iii) a. ' .CIl RERIPHS.

> CI-S/W IPL S/W
ClI PERIPHS. IPL PERIPHS.
IPL PERIPHS.. ~

(iv) ClI H/W }\(v) IPL H/W (8600+6150)1 ) LA
iii)b. ~ CIl PERIPHS, |

R

Note: Any or all of the above steps may be skipped. (In fact
some are redundaont).

The distinction between Cl paripherals ¢ IPL parighoiais
~may be non existant. i is herein defined io be at worst
different system utilization of exactly similor physical devieis.

(i.c., asoftware difference only.)



As per the peripherals the above transition network can be

reduced to the following case analysis:

S Cl devices
1 Simulator direct driving peripherals '
' e \Cll devices

) o ' ’ o Cl devices
2 Simulation uses host OS /O devices, ,
o ' \SIPL devicos

“(the double arrow indicates expecied utilization densiiy)

Case 1is in fact the same case as that for NCR supporﬂné its

. stand-~alone customer base. The n'asulfs of this NCR support in
COniuncﬁoln with ‘the 'recommeﬁded parﬁﬁoned conﬁgurcﬁoh solution
-w-ill be no additional ef_f_on_‘ for vendor or. customer when‘méving bto

- .the IPL.

Case 2 will invalidate the hafifitétxed configuration solution. It
eséenﬁs”y rqquifes that the host OS and/or simulciar become

»

intimately aware of the inherent characteristics of e /O siruciures

and protocels for both CENTURY | end IFL sysiv.o. Gie following
seclions indicate each maior class of device fvue 1 secial

preblem areas and some tontoiive solutions for e I may be stated
that in general this case complicates the proces. . Loth vendor and

customer. The veﬁdor must develop and mainici:. . more éomplicai ed
simulator package that is in addition to the standard CS offerings.
The customer must convert his data files from the CENTURY | device
to the corresponding IPL device. (Pcrhops the most Acomplek and

difficult portion of any conversion effort.)
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5.5.2  Device Types

5.5.2.1 Disks ~ It is necessary in the simulator to map the

~physical addresses used by CENTURY | software into

an address space provided by the host on a similcr device.

!

If a word addressable disk space is made availeble on the

IPL, similar to that on CYRER-TD todny, then there are

few problems. In the gencral case it wiil be nocessary

to uddress the IPL device by byie. The transfermation is

then straightforward, and can be performed at execution

time by the simulator.

~ The user af some stage will face a conversion problem

and a utility must be provided for that purpose. This

iufility could either execute from disk to disk or from disk

- to disk via magnetic tape.

Magnetic Tapes - Mational and international standards in
this area make simulation a simplc mutter, AH thalis

i Yo the

dator on demand.
Logical, record handling rc:mcsif:s the responsiblity of the
simulated system. The simulator must mcke c‘«ppvrops'iczm
character convérsions if the new devices are incompatible
with the old.

- As a general rule, error processing will be performed by
the host, and only fi nol status will be delivered to the

simulator.
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5.5.2.3 ° Card Readers/Punches - The only problem which

| - must be solved is that o‘f code conversion which can
be réddily handled by the simulator.
- For card punches which have stackers there is an
additional prébicm.- The siucker select codes.wiii have to

i be translated by the simulator wherz equivalent devices are

available. If there is no equivalent devic: then it really
fclls outside the scope of the discussion. However; the
problem can still be solved quite easily by sending |

different stacker output to separate files.

'5.5.2.4 Printers - C‘l.Jl‘l’enf 160 column line printers su_pported
by,‘NCR are.not.expected.to be continued-in the IPL and
will not be considered.

- In the B4 environment quoling presents a problem.
Spooling basically converts u parallel process fiio
serial process for a single printer. {f spooling iz removed
fror B4, then B4 will have to give assistance o
sinﬁxlafor to differentiate between ¢
emanating from different Bl cegments. This prebiem is

not unique fo printers but epplies fo all unit record Govices
which are spooled by B4. The problem is non-serious in
'thot if sufficient printers, either real or siﬁwlafed are

" available, then B4 can handle all print files on-line.
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Many simulated printers may be supplied via host

spooled files.

~ Different print trains are expected to impose a

further data transformation on the simulater. Currently

NCR doss not suppert this facility, but will prior to the

introduction of the IPL.

Paper-Tape - No particular preblems are seen to exist

with paper tape, and either adirect driven device or a

spooled host service should suffice in much the same way

as for card readers. Labels will present several difficulties

since the host system will not be able to distinguish them

from data and in the spooled (host) environment cannot

label automatically. If trailer labels are utilized to

carry reconciliatory data from the file then an insolvable

problem exisis.

Other Dovices = The following davices were not cdd~
~

ressed in detail.

) CRAM

(i1)  MICR

(iit) OCk
(iv) P!oiff.:z's
(v) Mohawk

(vi) Terminals

an

-

'

o IPL e valen

i reudy ditoussed elsowhors
Siuilar to a CR or CP

l'o problems foreseen
Normal MT problem

Already discussed elsewhere



© COST AND PERFORMANCE ESTIMATES

In order to devise a true cosf/performdnce estimate, data being gathered by
othér teams (notably System Design) will have to .be used. In this secAﬁ>o‘n,
the cost to NCR/CDC to produce a simulator s;imi-l'dr to that described here

is caleulated, clong with the rérforman'ce cs compared to o CENTURY 1/200,

and in terms of the percentage of the resourcas required.

6.1 Coéf to Produce Simulctor

6.1.1 The cost of the simulator is directly caleuleble from the
qumbe; of lines of code in the program. In deriving f}.ﬂs
key figure, heavy reliance "vas places on p&sr -éxperiencé
with similar programs. The data whi;h‘wcs ggﬂ;g—:red is

“shown-below.

Sivmufator ‘ | Lines of Code
a. 1401onCDCE600 ~ 6000 (est)
b. 360/20 on CDC 6600 6000 {est)
c. 315 on NCR Century | 6000
d. 7600 on CDC 6600/7600 180"
e. 8600 on CDC 6600 6000

S0
;

*  Excludes 1/0 simulation. Thare are 25%-30K lings of
code covering this area and debuy tools which cannor
be broken aport readily.

On this basis, the Century | simulator described in this

paper is assumed to consist of 6000 lines of assembly code.
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6.1.2 Giv‘en fh-af there are 21 working days per month, and that
a programmer can generate ten lines of code per day, fhen
the simulator can be written in 5 man-years. The figure of
10 lines of codé per man day is high by industry standards
but may be justified on two points: the resu“ing sysiem
is small, and a high level language will be u;ed for
implén]eﬁfcf?on. Given the 5 man-year gsfimcfe and assuming

a progremmer cost of $50K per year:

Implementation cost = $250K

6.1.3 Integration and Vaiidation costs are difficult to assess for
such efforts. A cost estimate for CDC 3000L emulation on
CYBER ~70 has been set af $1.5M (this is viewed as an

~upper bound For:Cenfury simulation).

l

~6.1.4 Since the code is ;mé” (6000 lines) the error rate will be low
perhaps no greater fhﬁn 1%. Assuming such a rate, and

* asswining a progrommer correction rate of 10 crrors o z;er:-nf‘\h,.

then approximately 6 nian months per year will be required for

mainfenance.

Mdintenance costs = $25 per vear.

6.2  Performance of Simulaior
6.2.1 The two modes of simulation, imbedded and partitioned,

~discussed in Section 5 are considered in this performance
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analysis. Asa.basis for performance estimation, the

simulation work conducted by J. N. Tomblin of NCR

has been drawn on very heavily. In this work, the instruction

set-up has been coded together with 38 of the simpler

6.2.2

NCR/Century instructicns. Thzse have been used to run

timing analyses threugh a Kendail mix. The results indicaie

that, given a 650 nsec meméry 6150, then the simularor is
roughly 1-1/3 times as fast s a Century 1/300. (4.3 usec

versus 6 usec). The design goal of this exercise is twice the

. Century 1/300. This figure (2X) which is best case will be

used arbitrarily in the following cnalysis.

Partitioned mode
Given that the Century | simulator can execute Century'|

code at twice the rate of a Century 1/300, then 50%

of the processor power on the 7L will be av.tlekle to o 7o
IPL work. 1f the IPL mode ard simulator wiz.’« are run
concurrently, and states are switched dyna. cuily, anc

overhead when swiiching is 507%, then avaiiuble 1Pl power -
is 25% of its full potential. The maximuin power avoilable is.
50% of its total power when the overhizad is zero. This is a
v?orst case calculation since it is unlikely that typical jobs -

are CPU bound. All unused process time can go to IPL jobs.



6.2.3 Imbedded Mode
Performance in this mode is somewhgf less favorable since
‘o‘ddifiorﬂxal overhead is incurred for the following reasons:
a. Data transformation; |
“b. Host interfacing;
c. Execution of redundant funcﬂons..
‘Consequent!y, it is estimated that the simulator will
execute ot a rate équal to 1=1/2 times that of a Century 1/350
In this case, t‘he qvqi‘lable processor power of the IPL will

be approximately 15% of its full potential.
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SUMMARY OF RECOMMENDED SOLUTIONS

Partitioned Configuration

~ Can utilize NCR standalone system software as the simulator with minimum

change.

= Dircct drive peripherals as NCR native devicss.

- Urilize "RJE type" }éb interchange beiween Host O.S. and simulofgd 0.5,

- Applies best to configurations having a small number of peripheral davices.

- Allows customer and user to continue to use exisiiing oparation,
administrative cnd‘ usage protocols.

- Least development expense.

-~ Moderate relative performance (SWAG)

- Least.attractive to Us.er.because‘ofrdisioim‘u system but I'easf»-.vuser

conversion.



7.2

-2

Host Imbedded Simulator Support Package |
(with direct driven peripherals)

- Total configuration 'com‘rél is maintained by Host O.S.

- Common 1/O queues and input/output procedﬁres.

- Applies E:est to configurations having a mc;--de;afe to large number of
peripherals'. |

-~  Most development expense.

- 1Wors‘t relative performance (SWAG).

- Moderate attractiveness and user conversion.
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Host Imbedded Simulator Sup;_:)o'rt Package

(with periphérals driven thru Host O.S.)

- Take configurcﬁon control is maintained by Host O.S.

- Total control of 1/O support .is mci;'ltcined by Host O.S.. -

- Appiies besf io conr’igumi‘.ions naving a large number of peripherals
ard/cr a large real memory capacity.

- Moderate development expense.

- Best relative performance (SWAG).

"= Most attractive to users but requires grectest user conversion.



