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EXECUTIVE SUMMARY

h

The requirement for increased'Syéiem capacity to meet Air Traffié‘
Coﬁtro]'feduirements unti]vthew§§b1acement system is deployed is under
study by the Federal Aviation  Administration. A variety of alternative
approaches has been proposed to satisfy the interim requirement. One
of the more promising alternatives is the proposal to replace the
present Input Output Control Element (IOCE) in the 9020 configuration
with a plug-compatible, higher Speéd prbceSsing unit. The fép]aéeﬁent
unit proposed is the IBM 4341 processor. AED-1 has requested the FAA
Technical Center, Data Engineering and Development Division, ACT-700,
to perform a technical analysis of the IOCE Replacement proposal. The
enclosed report contains the results of this analysis.

As of this date, however, there is no formal IOCE Replacement Proposal
specifically defining -design philosophy or identifying the magnitude of
the overall effort. In performing this analysis, ACT-700 relied upon
IBM briefing material and the results of in-house NAS/VM-370 testing to
formulate an I0CE Replacement design.

There are two major areas in the current NAS 9020 Enroute Air Traffic
Control Program where system improvement is required. These areas are
increased computer processing power and increased channel capacity.
IOCE Replacement, with appropriate software module offloading, appears
to offer a significant improvement in processing capability and channel
capacity. The proposed IOCE Replacement unit, the IBM 4341 Processor,
offers five times the processing power of the present IOCE and double
the channel capacity. In addition to these improvements, the following
advantages could be realized:

- Retention of functional equivalence to the present IOCE and
capability to operate with minor modifications to remaining
9020 elements, interfaces and configurations.
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- Programming instruction compatibility.

- Minimum installation complexity (e.g. floor space, power,
environment, cables), after integration activity.

7. .= Increased re11ab111ty/ava11ab111ty through 1mproved error’
¥ recovery and correct1on ‘techniques.

FR P T I R R T

fé Availability-of- VM/370 0perat1ng System. :")

Two software offloading strategy proposals are. 1dent1f1ed .Options.’

by v e Ve e

A and B. Option A, an. offload1ng strategy with primary emphasis on. .

- flight plan processing functions, potentially yields a system process1ng

1mprovement of 10 to 15%. Opt 1on B w1th emphas1s on radar process1ng,
track1ng and display, cou]d y1e1d a potent1a1 system processing im-
provement of up to 40%. Option B, however, is a significant software
redesign activity with an inherent increased risk factor.
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be 1n1t1a11y performed at the FAA Technical Center. A Trans1t1on Plan
for field deployment would be déveloped. and finalized, also at the
Techn1ca1 Center. ATF-1 approval of the proposed trans1t1on ph1losophy

would have to be obtained early in the act1v1ty based on the procedures .
deve]oped at the Techn1ca1 Center. " - : =

a2 e e . "-v,*.-,,*,‘.:c,'.'.—.-.’.‘.-."..-.~.‘.-.~.-..-.v. .......

IOCE Replacement act1v1t1es at the Technical Center would impact NAS
support act1v1t1es through d1vers1on of hardware configurations and
support personne] resources throughout the development and test activities.
At the ARTCCs, system down time can be expected when the new IOCE hardware
is be1ng cabled into the systehn In the transition phase, a da11y system
test per1od of approximately four hours Tow traffic, will be required

*dur1ng which live traffic is handled manually. The on-going operation

is also affected by the unavailability of IOCE and PAM redundancy
during the time required for integration of the three replacement IOCEs.

' IOCE Rep]acement des1gn ver1f1cat1on test and 1mp1ementat1on wou]d
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INTRODUCTION ) .

The load on the NAS Enroute Air Traffic Control System is nearing its
maximum capacity. This is particq1ar1y true of those sites having the
9020A Central Computer Complex. The agency has a program to develop
a replacement computer system, but this system may not be operational
prior to experiencihg capacity problems with the present system;

In addition toythe 1on§ term computer replacement program, there are
presently under consideratign several-interim systems which may be
required to extend the life of the basic 9020 Systems before their
final replacement_ 1sp§ve1lab]e, These interimisystems include:

el e

- Rehosting the NAS Software on a new generation computer.

- Off- 1oad1ng portions -of the NAS Software to other. -computer. .
systems.

- Enhancgpg;tbe;Degg;§ystemrtoﬂjpeiude;radar_data processing
and other functions presently being performed in the 9020
System.; ) '

- Replacing the present I0CEs.

These interimnsystems_are preséht]y gpéer_ipyestigatipn~byvrerious
agency and contractor personne1. AED-1 has requested the Technical

Center to support the investigation of the IOCE replacement. This
_report summarizes the results of this investigation.

R L T "__.-.-.-

Comput1ng power at the present 9020A s:tes is the most cr1t1ca1
resource. At certa1n 51tes the computer ut111zat10n is approach1ng‘
75 percent. Under this eond1t1on the system response time is
adverse]yeaftegted. Off-loading some of the NAS software tasks to
the present IOCE has been investigated as an interim solution to
improve CPU utilization. Replacing the IOCE with a more powerful
unit appears to offer some attractive advantages. These advantages
include:



Increased system flexibility.

Minimum changes in adapting the operational program.

Ease of system transition.

Reduced maintenance.

The replacement for:the IOCE considered in this report is the IBM
4341 computer. A 4341 computer is presently available at the .
Technical Center and is used as an Operating System (0S) Jobshop.
Also available are components of the 9020C (360/50) System
previously used for Jobshop purposes. : |

Some actual experiments have been accomplished in rehosting the NAS
operational program on the 4341 computer previous to the request by

.

AED-1 for IOCE Replacement support. Although the work was not entirely

gbb1iéab1e,~certain+portions~of~thisww0rk;have;beenvused~jn supporting
the analysis contained in this report. . - - o

1. PRESENT SYSTEM

The Central Computer Complex is an IBM Model 9020 Computer. The
computéﬁiﬁgiﬁﬁdular in design-and can be configured to various
numbers of components tailored to. the ATC processing requirements.
The computer accepts:-and -processes data from remote locations

such as radar sites, adjacent Centers, and ATC Terminal facilities.
Two prime functions of the computer are to prepare and distribute
flight plans via the flight strip printers (FSP) and to. provide
updated radar information to the display subsystems.

The 1BM 9020's&stems_are;solid—state data processing systems
which_prdvide_the.data manipulating versatility to perform the -
Air Traffic Control functions. - Individual 9020 systems, designed
for the Central Computer Complex (CCC) environment, are composed
of the following types of major self-contained, self-powered
elements and units:
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- Figure-A“T-shows the general relationship and interfaces. . -
between an I0CE and the computing-elements, storage elements -

- Information transfers between IOCE and preferential
storage area (PSA) within a Storage Element (SE).

- Data transfers between I/0 control devices attached -
- to the Multiplexor Channel and the Storage Elements
(SE) or MACH storage.

"~ Data Transfers between I1/0 control devices attached to
the Selector Channel and the Storage Elements (SE) or .
MACH storage. - ’ ' :

- Transfer of certain IOCE status conditions to the System
- Console or Configuration Console.

- Iﬁformation*transfers»between CLU and MACH and/or
“main storage.

(SE) and input/output devices.

Common Logic Unit {(CLU) -

The CLU contains-transistor registers, data transfer paths,
and controls. The.CLU also has twenty-one (21) full-word..

“registers used for channel data and control storage.

Data flow is control1éd by a Read-Only Storage Unit. This |
is a capac1tor storage unit- operat1ng on a 0.5 usec cycle.

'MACH Storage -

MACH (maintenance and Channel) storage is a 32K word, 2.0
usec cycle core storage contained in the IOCE. Part of this

storage {1024 words) is used to store control words for the

multiplexor channel {four words per subchannel). The remainder
provides storage facility for processor operations, channel
data, and maintenance operations.
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Similarly, communication between IOCE and SE is via the
IOCE/SE interface cabling. The information passing over
this interface is primarily data, protection keys and
addresses.

Additiona] communication between IOCE and System Console
or Configuration Console is via the IOCE/System Console or
Configuration Console interface cabling. The information
passing over this interface is primarily IOCE status
information.

Configuration Control Register (CCR) - This is a register

in the CLU that is loaded by a.SCON instruction issued by
a CE via the IOCE/CE 1nterface The contents of this
reg1ster def1ne . =

- The state that the element is in, which in turn

oo determines -which manual ontroks are enabled on- the -

IOCE Control Panel.

- The CE with which it operates for all functions
other than the SCON instruction.

- Those CE's from which the IOCE will accept a
reconfiguration instruction (SCON).

-. The SE's with which the I0CE can communicate.

4 Address Translation Register (ATR)

With address translation, a program written for a span of
addresses within one SE can, under program control, be
relocated and executederom another SE that does not contain
the original span. of addresses. A reassignment of the

SE's within the system only requires changing the contents

of the address translation registers of the accessing elements.



The ATR in an IOCE is a 48-bit register divided into 12
four-bit positions, each position being assigned to a
block of logical addresses. A logical address produced
by the program identifies a logical SE, which selects a
corresponding four-bit position of the ATR. The bit
configuration (hexadecimal character) in this ATR position
will change the physical SE selected although the logical
SE does not change.. =~ . :...-

4341 DESCRIPTION

The 4341 Processor is an 1ntermed1ate sca]e, general purpose
processor. The processor provides arithmetic, logic and control
functions, storage, channels, and system diskette drive.

The 4341 design is based'on System 370 architecture. Compatibility.
with existing NAS 9020 architecture will require certain hardware
modifications to_the base 4341 machine. These include:

—n et e e e e e i & e mmoacas o~ 3 S . e e [ORNN <. BN P
- . 3 e - . . .

System Console interfaces).
- Intér-g]ement_iqte(rupt capabilities.
- Set Configurétipn (SCON) instruction operation.
- StOrage.Elemént‘access by fhe rep]acemenf I0CE.

a. DATA FLOW .. = -
The functional_oberations of the 4341 processor use hardware
registers called external registers that are located throughout
the hardware. The external registers are data links between
the .user programs, microcode and the 4341 processor hardware.
Figure A-2 shows the data flow for the 4341 processor.

Channel Hardware )
The channel hardware contains the interconnections and controls

. Inter-element communication i interfaces (1nc1ud1ng 9020 -
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to communicate with and obtain data from the input/output
(1/0) devices. The 4341 can have up to six channels (two
byte-multiplex channels and up to four block multiplex
channels). The channel includes:

- Interface Adapters Section
- Interface Controller Section

- Channel Control Section

B oy R

- Channel Data Buffer Section

Instruction Processor

The instruction processor is the hardware unit that processes the
data and programs. It contains the hardware and microcode to
interpret and execute the source programs and to control the

- . channels and main storage.- ~The: instruction processor includes:

- Arithmetic Logic Unit Local Storage/Data Flow Registérs

- Shifter Circuits

T~ Storage Address1ng and Update Reg1sters

".v'..,..‘_n . PR u,«-_m .-

- Control Storage . =~

Main Storage and Controls

Main storage and controls is the unit that contains the processor
storage. It also contains the address control circuits to address
and control each area of the processor storage. The main storage
and controls- includes: = : ' - | ‘

‘- Storage Address Control Section

- High-Speed Buffer Section

- Main Storage Section
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Maintenance and Support Subsystem
The maintenance and support subsystem: (MSS) is the unit
that performs: ‘

" Power control ‘and monitoring
.Initial microcode load {IML)

N “wn L

"Test and diagnostics "~

_Display console control

Error logging

High‘Speed Input/Output Equipment _
‘The required DASD capacity for the replacement IOCE is not

available with the present compiement of 2314 disk éqdipment.
The-addition of 2314 'disk capacity is not desireable since. -
its operating speeds ‘would not match those of the 4341 1/0
channels. State-of-the-art disks (3350s) would provide
significantly increased speed and capacity. System reliability

‘should also.be enhanced because.of the fixed media design of

the 3350s. The present Disk-Control Units would be replaced
with 3830 DCUs. The magnetic tape subsystem should also be

* ‘replaced ‘with ‘the higher ‘spéedy higher density 3420 tapé drives
~and 3803 tape control units.

DESIGN HIGHLIGHTS - == ~-i%:

<o

" “A11 storage in the 4341 (processor, control, high-speed buffer,

and local) is implemented using mono1ithic‘techqplogy'inétead

- of discrete ferrite Cores.” The technology used for processor
" storage in the 4341 ‘processor provides a much _denser storage

chip (64K bits per chip) than is used in most System/370
processors (2K bits per chip) and a new bipolar technology
is used for control storage and high-speed buffer storage.



12.

A two-level storage system is implemented, consisting of
large processor storage used as backup storage for a smaller
high-speed buffer storage. The instruction processing
functions works mostly with_the buffer so that the effective
processor”storage cycle is a traction of the actual processor
storage cycle. 8K bytes of high-speed buffer storage are ) |
standard. Data 1s fetched from the buffer at a rate of 225
o nanoseconds for a doub1eword

~ Microcode

'::‘Reloadable contro] storage to contain a11 the mlcrocode

required by the 1nstruct1on proce551ng functlon of the

4341 processor is standard. Use of writeable, instead

of read-only, control storage offers the advantages of

“~1mproved system serv1ceab111ty and ease of opt1ona1 feature
and eng1neer1ng change 1nsta11at1on. '

-=-._Error check1ng and correct1on (ECC) hardware automat1ca11y

‘“h corrects all’ s1ng1e -bit processor storage errors and detects

(but does not correct) a]] doub]e bit and many multiple-bit
errors.

Channeis'-
The fol]ow1ng channel features are provided for the 434]

: processor Two channe] groups are available for the 4341
processor, each cons1st1ng of one byte multiplexer and two
block mu1t1p1exer channels.

The byte multiplexer channel has a 16 kb/sec maximum data rate
in byte mode of single-byte transfer operations and 64-kb/sec
maximun‘byte mode data rate for four-byte transfer operations.
For burst mode operations, a maximum data rate of 1 mb/sec is
possihle tor'a’hutfered device. Functionally, the byte
mu]tiplexer channel tor the 4341 processor is equivalent to
that for'System/360 and System/370 processors.
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The standard block multiplexer channels have a maximum data
rate of 2 mb/sec each. The maximum aggregate data rate for
the 4341 is'approximate1y 7 mb/sec.
Optionally, one Channel-to-Channel Adapter can be installed
in>a 4341 processor and attached to any block multiplexer
ehennel. The adapter can be used to connect the channel
in the 4341 processor to a channel in a System/360; a ‘=
System/370 or another 4341 processor. -

D1sp1ay Conso]e

A 3278 Model 2A Display Console, consisting of a cathode ray

tube keyboard, and operator control panel, is required

as the operator console. The display console is used to

perform manual operatlons that for System/360 processors

are performed us1ng switches and pushbuttons on a control

panel located on the front of the processor unit. The
Jld1splay console is also used for operator-to- operat1ng —

'system communications and for diagnosing processor ma]funot1ons.

COMPARISON OF 4341 AND I0CE 11231-02)

Increased Instruction Execution Performance

The cycle time of the 4341 processor varies from 150 to 300
nanoseconds with an 8-byte parallel data flow. The cycle time
of the 7231-02 IOCE is 500 nanoseconds with a 4-byte parallel
data flow. '

Improvements in the number of functions performed during the
instruction cycle of instruction execution result in the faster
execution of many instructions, most of which are among the

more frequently used instructions. The standard instruction
set for the 4341 processor includes many new general purpose

and control-program-oriented instructions in addition to the
powerful System/370 instruction set. ‘
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~Larger, Faster Processor Storage

Processor storage sizes of 2048K bytes and 4096K bytes are
provided. The 7231-02 IOCE has a maximum of 128K bytes. The
effective access time to processor storage in the 4341 processors
is faster than that of Models 50 and 65 (two microseconds for
four bytes for the Model 50 and 750 nanoseconds for eight bytes
for the Model 65 versus 225 nanoseconds for eight bytes for

. the 4341 processor). The effective access time to processor

storage in the 4341 processor is lower because of the implementation
of a high-speed buffer. This improved access time increases:
internal performance and permits faster I/0 devices to be attached
to the 4341 processors. )

Greatly Expanded I/0 Capabilities
The fast internal performance of the 4341 processor, together - -

“with the expanded use of multi-programming, requires that more

_data be available faster than the 7231-02 IOCE. The 4341

=" 'processor support more and faster concurrent high-speed 1/0

operations than the 7231-02. It also provides block multiplexing
capability, which is not available for the 7231-02.

-~ The 1/0 features of the 4341 processor provide:

- Two more channels than are available for the 7231-02
(six versus four).

- Attachment of high;speed, high capacity, direct access
devices.

- Attachment of higher speed tape units.
- Potential increases in channel throughbut via use of

block multiplexing and rotational position sensing to
improve effective data tfansfer rates.






HARDWARE
FEATURE

.....

(kilo bytes)

Processor Storage
Cycle (nanpseconds)

Type of Processor .- - -

Storage

Instruction Time
Add (ranoseconds)

Selector Channels
Maximum Aggfegate-

Data Rate for Channels
(megabytes/sec)

" TABLE A-1

2000 for
4 bytes

+__Ferrite Core

13250

16.

4341-11

4096

225 for
8 bytes

_Monolithic

375
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ASSUMPTIONS/REQUIREMENTS ~~ =~
For the proposed IOCE replacement to be a viable interim system

improvement, the fo]]owing assumptibns/requirements must be
satisfied:

.
-- -

1. The present NAS Enroute System is in a condition of stability,
and will continue to prov1de the requ1red system support until
it can be replaced. System stab111ty“ connotes a normal level
of software fix act1v1ty (PTRs) and hardware ma1ntenance, and also
the absence of any maJor ‘software or hardware change act1v1ty
The stab111ty must be such that hardware component replacement
or program element off]oad1ngrcan be efficiently accomplished.

2. I0CE replacement considerations will not be in competition with
plans and activities of the Computer Replacement Program. The
scope of the IOCE Rep]acement effort must be such as not to

. impact the des1gn, schedule, 1mp1ementat1on test or funding
of the Computer Replacement activity.

3. Implementation of the IOCE rep]acement at the ARTCCs must be
accomplished with minimum impact to Center operat1ons An

ARTCC dep]oyment p]an must be included as part of the overall
I0CE Replacement’ Des1gn Plan

Firmnn mm Thies e -
Pt ot TITONY

I R s §
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C. EVALUATION CONSIDERATIONS

1.

TECHNICAL FEASIBILITY

One of the primary cons1derat1ons in eva]uat1on of an 1nter1m
system is that it must be usable in significantly less time than
it would take to 1mp1ement and 1nstall the ultimate computer
rep]acement system. For this to be ach1evab]e, this 1nter1m
system 1mp1ementat1on depends on ‘the ab111ty to 11m1t the
impact by ut111z1ng the existing software. While 1t is
pract1ca11y impossible to ach1eve an 1nter1m system w1thout
1mpact1ng software at all, it becomes h1gh1y des1rab1e to .
minimize the amount of code to be written or redesigned to
accmnmodate hardware updates. The software impact then must

be 11m1ted to those modu]e changes required to ass1m11ate the
new architecture and se]ected modules to take advantage of the
new arch1tecture. ’
fddérd th1s end a Systemvéohtrdf ﬁrogram should be ava1lab1e

to be implemented, with minimal modification, to operate in the
IOCE replacement hardware. It would need to provide the
mechanisms to control the increased number of channels and
support the re11ab1l1ty, ava11ab111ty and serv1ceab111ty _
features of the IOCE rep]acement It would also need to support
the se]ected software modu]es to be offloaded for processing.

For the IOCE replacement act1v1ty, thxs system ‘control programr <
is the Virtual Machine Facility (VM/370).

The VM/370 System Control Program is the 370 or1ented program

supplied and supported by IBM In some respects VM performs the

same system contro] tasks as does NAS. For example, both NAS

and VM - ‘ '

a. Schedule work (app11cat1ons) to run on the systems
they control

b. Allocate the CPU to tasks, using an algorithm designed
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to accomplish scheduted work”in priority sequence.

[g)
.

Manage storage resburces.,I/O, the CPU and data.
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d. Attempt to recover from or limit the 1mpact of

..:. . - Te WY e - -
S e s A s . -y s )

. - - e. -Provide a coherent.set of:interfaces (Macros or
high-level languages) to shield applications

i;. .. Programmers-. from many of the rigors of machine-
‘level-coding.: ¥ 1> dovips moze’ - inodes vt of

VM is, however, unlike NAS in several important respects.
T Qe Mainf'stor'age..ma,nagement.-,-.;-,‘s‘». R g
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... b. Operating systems as app11cations.
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c. Work schedu11ng. e -

d. 1/0 resource sharing among multiple users.

= @.- Error .recovery.
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VM, or rather its predecessor, was or1gina1]y des1gned for use
on a modified 360/65 wh1ch is the same techno1ogy base as that
of ‘the 9020:-- The key system mod1f1cat1on is a hardware unit ‘
sometimes Feferred to as the: DAT (tynam1c Address Trans]at1on)
box, which turns the machines from a f1xed-memory to a virtual-
memory system.”* This" un1t pernﬁts a part of a program running

in memory to reference a part of the same program located on a
disk device--having been put there because it was idle and not
profitable using the main storage it occupied. Recognizing

that a segment of a running program is not in main storage, the

- - bhardware and software failures. -~ -~ =~ Te-0s
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DAT box notifies system control software to read in the
temporarily "missing” page (4096 bytes). Wherever the

'page is placed in ma1n storage, the DAT box will locate

:1t through tables it maintains descr1b1ng the contents

of an of ma1n storage. These same tables point to pages

on aux111ary (d1sk) storage conta1n1ng parts of programs
that have been "paged out“ due to 1ack of use. By constant]y
mon1tor1ng program demands on rea] (ma1n) storage and by
-paging programs in and. out ‘as necessary, VM gives 1ts users o
‘the 1mpress1on of hav1ng ava11ab1e a quant1ty of main storage
:far exceed1ng the amount phys1ca11y attached. The theoret1ca1
foundation for this 1mp1ementat1on of "virtual" storage is the
"1oca11ty-of-reference" _concept. This says that a given program
fw111 use only a subset (perhaps 20%) of its total code in a
;g1ven s11ce of t1me, while the remainder will not require
'execut1on until somewhat later. NAS/9020 and other pre-virtual
isystems can concurrent1y run programs equal or less than _the .

. ':s1ze of the system S phys1ca1 storage VM and other "v1rtua1“

.systems e11m1nate th1s constralnt. =

Operating Systems as App1ications -

LThe s1ng]e, unique aspect of WM among virtual operating systems
:1s that the “app11cat1ons" that run under it are, in rea11ty, other
eoperat1ng systems. These other operating systems schedu]e and
perform waék“ég 1fdthey'uere'runn1ng standalone 1n a CPU Through
a very s1mp1e descr1pt1on of the I/0 and memory resources ‘alloted
to each virtual mach1ne VM creates a directory, by name, of the
subset of total system resources each user is alloted. Each

:of these guest operat1ng systems and application programs . 1s,

in effect, 1ndependent and is called a "virtual mach1ne.“ Any
system 360 or system 370 operat1ng system will run under VM in a
’v1rtua1 mach1ne. concurrent.w1th a number of other virtual machines.
Performance is, of course, the limiting factor in determining how
many virtual machines can be run at one time. NAS uses special
instructions not present on standard processors, and therefore
presents a special problem to VM. A combination of hardware,

NAS and VM modifications can resolve the known conflicts.

v
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Work Scheduling

VM, unlike NAS, is not an event driven system. Rather, each
virtual machine is "time sliced", or given a limited time

(measured in thousandths of a second) to run, after which use
of the CPU is passed to another virtual machine. Numerous

system programmer and operator options exist to bias performance
in favor of a designated virtual machine. The basic time-
slicing mechanism;~ however;-—remains in effecti—--— — - ~o

comm. e Tl e e e e

I1/0. Resource Shar1ng

VM achieves-a-level-of-1/0-device-sharing. surpass:ng*that-of

~ other operating systems. By segmenting a single disk into

mulitiple un1que1y addressab]e units (minidisks), the v1rtua]
machines running under VM pgrce1ve a number of disk drives far -
in excess of those actually: installed. Non-sharable devices,
such as tape drives, are dedicated to specific virtual machines
until no longer needed. In addition to virtual storage and
virtual disks, VM provides a virtual channel-to-channel adapter—-
functionally equivalent to that connecting a 9020D to a
9020E--but implemented through software to connect two virtual
machines running under VM. . ... __. .

Error Recovery

Since VM is in control of the real hardware resources of the
system, it will handle and attempt to recover hardware error
conditions relating to the active virtual machines. If an error
condition proves unrecoverable, the related virtual machine will
be terminated. Except in the case of real CPU hardware failures,
this termination will normally not impact other active virtual
machines. VM will attempt to recover its own software failures.
When an abnormal software condition occurs in a virtual machine,
VM traps the error and passes it to the operating system under
which the failing application is running. Thus the native software
error recovery capabilities of the guest operating systems are
not diminished when executed under VM.
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Assuming the necessary VM and NAS modifications (the hardware
problems are not addressed in this section), NAS would communicate
with ¥M--1ike most other operating systems--only in a passive
sense. That is to say, VM would determine when NAS was to have
control of the CPU, would pass relevant interrupts to NAS for
processing and would field or forward. hardware and software
errors according to a standard set of rules. A higher level

of communication, one with sigqificant performance and functional
impli:cations, is possib]é. By'using the "diagnose" instruction
(seldom used except by NAS and VM), VM could be made aware of
NAS's specific support needs and could satisfy them in a timely,
fashion. While the VM architecture provides the base for
communications using "diagnose", enhancements to both the NAS
and VM code would be required to take full advantage of this
capability.

To summarize, VM is an opefating system with the capability of

" interfacing with the NAS Operational program. Under VM's
control, virtual machines (processors) are defined as having a -
given amount of main storage and a specified number of 1/0
resources. Within any virtual machine, any 360 or 370 operating
system can be loaded (assuming sufficient memory and I/0 devices)
and can then run application programs with no awareness that they
are, in a sense, under the control of VM. Pictographically,

this capability can be represented by the following diagram

of main storage in a VM system: (Figure C-1)

SOFTWARE IMPACT

The VM/370 System Control Program is a feasible choice as the
operating system for the IOCE replacement. Differences in
architecture, however, dictate the need for generation of
changes to the VM software as well as the NAS Operational
software. The overriding consideration would be to 1imit the
amount of change that would be required to the NAS program.
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Where possible, "common" changes would be made to the VM/370
System Control Program. Changes to overcome instruction set
differences between the two software systems would be
accommodated in VM/370. The NAS program changes required are
in the area of Operation Error Analysis Program, Configuration
Control, Startup/Startover, and Input/Output operations. The
specific changes are discussed below.

Software Changes to VM

The initial set of changes would involve instruction set
differences between the 9020 and System 370. These include:

Write Direct WRD
Read Direct | RDD
Start 1/0 SIOP
Move Words . MVW
Load Data Address LDA
Delay ) DLY
Insert Address Translator IATR
Load Identity LI
Load PSBAR LPSB
Set Configuration SCON
Set ATR ' SATR
Store PSBAR | SPSB

Set PCI SPCI



25.

In some cases, the above 9020 unique instructions are not
recognized by VM. In other cases, the OP code is a different
instruction under VM. Changes to the above, however, can be
reconciled within VM. The modifications can be performed
through changes to the microcode and operating philosophy of
the base machine. The final design of the functional changes
would need be determined in a separate activity.

It should be noted that the VM/370 System Control Program is

a widely-used program supported through IBM central support
software maintenance on a 24 hour, 7 days a week basis. Th1s
assistance at VM installations is requ1red due to the comp]ex1t&
of the system control program. Deviations or modifications to
VM/370 System Control Program, as a result of required NAS
chahges, would however, result in a non-standard system which
would probably not be supported by IBM. In that case, the FAA
would be required to assume VM support.responsibilities, A core of
VM trained system programmers could provide adequate support to )
the modified VM/370 System Control Program; It would be centrally
supported at the FAA Technical Cehter. ‘

Software Changes to NAS .

IOCE Replacement and offloading of software will require
mod1f1cat1ons _to the current NAS Enroute Operational Software
The mod1f1cat1ons are requ1red first, to provide compatibility
between the 9020 system architecture and the VM/370 architecture.
The instruction set differences addressed above are an example

of some of the eompatibility modifications required. These
instruction set changes have been identified at the FAA
Technical Center in NAS/VM experimental runs. Modifications
were performed at the Techn1ca1 Center to achieve a form

of compatibility for the purposes of the experimental runs.

These modifications took the form of op code changes, simulating
the instruction and tie-off of funotions. Final resolution of
these compatibility modifications would have to be studied to
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arrive at an optimum method or design( $oftware changes,
microcode, etc.) to overcome the anomalies.

Other incompatibility changes that will entail changes to the
NAS program are in the areas of:

a. Operational Error Analysis Program (OEAP)

o
)

Configuration Control

o .
.

Startup/Startover
d. 1/0 Operations
e. Data Tables Integrity

Operation Error Analysis Program (OEAP)

The I0CE Replacement Processor contains ‘a significant -error-
logging and analysis function: that is used by VM to perform
retries and to recover from intermittent failures. Data
relative to catastrophic failures is retained in a special
purpose error logging storage for use in off-line fault
analysis.

Error handling within the. IOCE is accomplished by VM. Upon -
detection of an error the IOCE attempts instruction retry and
data repair prior to generating a machine check interrupt to
the CEs. Since the machine check interrupt is generated only
if the IOCE has unsuccessfully attempted self correction, the
interrupt is tantamount to declaring the IOCE is down and the
NAS system must reconfigure and restart. Thus the present IOCE
logout diagnostic capability in OEAP can be removed.

Configuration Control
Configuration control of tape and disk I/0 devices will be
shared between the IOCEs and CEs.
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will handle all aspects of the I/0 operations and communicate
status back to the NAS monitor in the CE via a direct control
protocol.

The 1/0 processor would communicate in a similar way with the

NAS monitor running under VM in the 4341. VM would only simulate
the direct control communications. This means that only one

set of modifications to the common NAS monitor code would be
needed to function in both the 9020 and the 4341 under VM.

The I/0 processor performs the normal I/0 functions in moving
data between the devices and storage, be it 9020 SE or 4341
virtual storage. For data transfers to and from the 9020 SE,
all channels, except the block multiplexor channel, transfer
data directly into or out of the 9020 SE. Due to the high
speed of the block multiplexor channel, the I/0 processor
buffers this channel's data in the 4341 before transferring
it. This buffering prevents any channel overrun condition on
this channel. )

In addition to controlling all NAS I/0 operations, the 4341 would,
of course, also perform the pracessing associated with the offloaded
NAS functions (Option A or Option B). Further, since VM has the
capability to set up multiple virtual machines, each operating
under_its own operating system, it is possible to perform other,
non-NAS, software tasks in the 4341 concurrent with .the NAS
operation. ’

Data Table Integrity

Relocating FDP or RDP functions and their related data base to the
IBM 4341 involves the sharing of some common data base between the
IOCE and CE executed functions. The data tables unique to the
software functions offloaded to the IOCE replacement will be

made resident in the IOCE. This will minimize SE interaction and
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The above activities would be dependent on the following assumptions:

- The 9020C system at the FAA Technical Center is available
for initial hardware system test.

- The 9020A system at the FAA Technical Center is dedicated
to the IOCE Replacement for initial system integration
tests. Cﬂeckout of the dep]oyménf'and transition
procedures would be accomplished on this system.

- The Transition Plan for integration of the IOCE Replacement
would have to be approved prior to any testing at the
FAA Technical Center.

The Transition Plan to be developed would have to address several
areas:

a. ARTCC OPERATION -

The major impact to be considered is the disruption of system
operation due to unavailability of the NAS automation system.
This occurs twice during the IOCE replacement effort; when
the first IOCE is removed from the system and the 4341
cabled in, and again when the remaining IOCEs are physically
replacgg. At present, estimates of the length of each

 period range from eight hours to a maximuﬁ'of 48 hours. The
backup system would be used to control 1live traffic in these
periods. Test efforts at the Technical Center will be
oriented toward minimizing the down time.

In the period following physical IOCE Replacement, the NAS
system_is available, but without IOCE or PAM redundancy.
During this phase of integration and testing, there is a
requirement for a daily system test period of up to four
hours. These tests should be scheduled during low traffic
hours. Live traffic will be controlled manually during these
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test periods, but if Eeqdired, the normal NAS automation
system can be instantly reconfigured into operation. The
allotted time is expected to vary between ARTCCs based

on each Center's unique traffic-flow and operational
limitations. ‘ - - |

Another area of impaef to fie1d>operations is the loss of
10CE and PAM redundancy for the duration of the installation,
test, and commissioning time - per1od The off-1ine 9020
Simp]ex feature wou]d be 1ost with the installation of

the first’ rep1acement IOCE in the redundant Simplex. - The'“
length of time to integrate all three new IOCEs could be
from two to 12 weeks depending on the type of transition ,
approach developed and accepted. The approach will be
determined by:

Total testing fequired.

Certification requirements.

Resources available.

Operational restrictions and demands.

Figure C-2 indicates the various phases of IOCE Replacement
activity at each field site.

ARTCC RESOURCES SUPPORT

The I0CE Replacement will physically fit within the 7231-02
floor space, so that upon completion of the retrofit, floor
space requirements will not be increased. However, during
the integration and checkout phase, approximately 200 square
feet of additional floor space will have to be made available
for each IOCE replacement unit, In addition, technical
support capability to install, integrate, operationally

test and maintain the IOCE upgrade would have to be provided.
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FAA TECHNICAL CENTER SUPPORT

The bulk of software and hardware integration testing would
be performed at the Technical Center on system configurations
cﬁrrent]y dedicated to other on-going NAS programs. As an
example, dedication of the 9020A system to IOCE Replacement
testing limits its use in the on-going maintenance and
development of the NAS Enroute Operational Program. This
results in a major change in operation for the AAT, AAF and
ARD organizations who fully utilize the 9020A system today.
Additionally, FAA Technical Center resources would have to
be reprogrammed from existing technical programs to support
of the IOCE Replacement. h
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D. RATIONALE FOR IOCE REPLACEMENT

1. OBJECTIVE
The overall objectives of providing an interim upgrade to the NAS
9020 system configuration by substituting a modified IBM 4341
processor for the current 7231-02 IOCE are:

- Reduction of 9020 CE Load
- Response Improvement

- Provision of Discretionary Reserve
The method of accomplishing the objectives is to exploit the
capabilities of the IBM 4341 processor as a replacement IOCE, and
to transport selected FDP and/or RDP software modules to execute
in the new IOCE. The selection criteria of the modules would
include frequency of execution, high CPU utilization, and low
storage element (SE) intercommunication. In addition to the
increased processing power and improved response,'the software
offload should result in a reserve potential for implementation
of planned Air Traffic Control functions or features.
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2. ADVANTAGES
Implementation of the IOCE Replacement proposal could provide d
several operational and system advantages. The advantage potentiaii
of the replacement would be determined by the amount of code :
(functions) and data (tables) that can be offloaded into the
4341 storage. Due to the great difference in storage speed
between the current 7251 Storage Element and the 4341 machine
the maximum gain in processing power can be achieved only
by offloading program functions and associated tables to the
4341 processor. There are several optional groupings of
functions and tables that are prime candidates for this

e e R ORI R R T s
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offloading. These will be identified and covered below under
item 3., “"Options."
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FDP RDP
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10) Track Data Processing (TDP)

11) Display Channel Outputs (DCO)

12) Real-Time Quality Control (RTQC)

13) Radar Processing and Tracking (RPAT)
14) Flight Plan Analysis (FPAS) - | - :

With regard to flight plan processing, it should be - =
recognized that the entire processing to be performed

on a single flight plan can fall into the realm of

several of the above mentioned 14 subsystems. No one

subsystem performs all of the processing on a single

flight plan.

‘Options A and B reflect subsystems that are candidates,
either whole or in part, for migration into the new IOCE.
They are independent of each other.

Broadly defined, Option A is that set of operational software
functions and associated data tables which process flight plan
related inputs and produce an internally useable flight plan
" data base. Option B encompasses the software subsystems, in
whole or in part, related to radar processing, tracking, and
display output, in addition to real time quality control of
radar data. Figure D-3 and D-4 show functional relationships
between Options A and B and the balance of the operational
software system. It must be borne in mind that the inter-
. connections depicted do not show actual control or data lines
between subsystems. ‘

OPTION A .
Option A will migrate the following subsystems into the new IOCE.

1) Radar Preprocessing (Filtering)
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Preliminary Processing (PREP)
Flight Plan Processing (FPP)
Route Conversion (RCS)
Posting Determination (POST)

Disk Storage Allocation (Partial) ( DAP)

Key considerations in this migration are that the data unique
to the migrated functions resides in IOCE storage and that
principal flight plan processing tables remain in SE storage.

The subsystems to undergo migration under Option A will be
briefly explained in the following sections.

1)

Radar Preprocessing (Filtering) - This subsystem

currently resides in the 9020 IOCEs. Its function
is to perform:

radar message identification
- validity checking

- rho-theta filtering

- coordinate conversion

- radar sort box determination
- selective rejection

- mode C pressure correction

- compatibility between rho-theta filtering
and radar sort box assignments
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2) Preliminary Processing - The Preliminary Processing
Subsystem performs startup and startover function,
preliminary processing for all input messages,
and table maintenance function required for various
program communications tables and for the Flight
Plan Index table. Preliminary processing is performed
by the following input device processing subprograms
and subroutines:

PAS PDE PNA
PCD PFD PTO
PCR PIT PTY
PDC - PKO SDC
SAC SAF SAK
SAD SAG SAM
SAE  SM ~ SAN

3) Flight P1an’ProééssingA- The Flight Plan Processing
Subsystem performs functional processing for the
messages that build or modify flight plan data
base. Functional processing of the flight-plan-
related messages is performed by the following
flight data message processing subprograms

DAM DHM DRS
DDM . DMp DSP
DFA DPR vz
DFP DRF

and by subroutines that provide for common function
processing. These subroutines are:

CRP o] SCR
LNM SCH ol
SCA SCJ SDD

ScB SCK SDE



4)

5)

6)

SCD SCM SDG
SCE SCN Sou
SCF Scp

Route Cohversion-‘The'Route.thQersion Subsystem

translates the route segments as received from the
Flight Plan Processing Subsystem into a series.of.
fixes that make'up the route.. The pfograms
currently being considered for migration are:

RAA RFL .~ RPR
RAL RGS RRD
RAM R RTD
RAP RKR SHA
RDP RPA STB

Posting Determination - The Posting Determination

SubSystem receives all the intermediate route records,
with associated tables, for the completely converted
route of flight from the Route Conversion Subsystem.
Through the use of posting rules, the intermediate

route records are transformed into aircraft route
records and the associated tables are adjusted. Modules
that'are being considered for migration in this sub-

system are: - ) . -

PAM ~ PLT PPS

PAP PI0  PRT
PAT ~ PMO PSB
PCD PPD PTC

| | PTM

Disk Storage Application - The Disk Storage Application

Subsystem performs all functions necessary to establish,
modify and maintain the integrity of the bulk storage
file and the flight plan record file on disk storage
devices. The subsystem performs all processing of

45,

-
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bulk storage file maintenance messages. The
programs of this subsystem that are being considered
for migration are:

DBC DDV
DBM SFC
DBS SIO

Figure D-5 is a 1ist of the data tables that must
be migrated along with all of the above mentioned
programs.

c. OPTION B
Option B will migrate the following functions to the
new IOCE.
1) Radar Preprocessing (Filtering)
2) Radar Processing and Automatic Tracking (RPAT)
3) Track Data Processing (TDP)
4) Display Channel Outputs (DCO)
5) Real Time Quality Control (RTQC)
Key considerations in this migration are that data unique
to the migrated functions must be resident in the IOQCE
storage and shared_data will be resident in SE storage.
Filtered radar data will be communicated from one IOCE

to the other via SE storage.

A brief description of the subsystem to be migrated under the
Option B plan is as follows.
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Option A - Tables Mfgrated

Airway Table

Adapted Line Segment Index Table
Aircarrier/Airtaxi Identification Table

B-1ine Table

Beaming Sensitive ARTS Coordination Reference Table
Recovery Recording Begin/End Table

Center Boundary Composifinn Table

Coordination Fix Table

Double-word Boundary Table

Disk Extents Table

External Airport Table

External Fix Table

Fix Stratification Table

Geographic Trace Communications Table

Junction Identification Table

Junction Pointer Table

Intermediate Route Table

Line Segment Trace Table

Mnemonic Device Table

Preliminary Field Descriptor Table

PDT Index Buffer Table

Adapted Direct Route Application Table -
Altitude Transition Processor Intercommunication Table
Route Segment Input Table

Arrival Fix - Coordination Fix Array

Bulk File Record Control Data Table

S-line Table

Subroutine SIO Interface Table

MSX Working Area Table .

SID/STAR Table e ——
Airport/Fix Off Airway/Coded Route Table
Transition Route Coﬁtrp] Fix Table

Transition Route Pointer Table

Stereo Data Table

FIGURE D-5
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Radar Preprocessing (Filtering) (RPP) - This

subsystem currently resides in the 9020 IOCE,
and is already described under Option A.

Radar Processing and Automatic Tracking (RPAT) -

This subsystem processes all radar data that enters the
CCC and performs all radar surveillance and automatic
tracking functions. The subprograms and subhoutines
to be migrated are:

RAT RCC RDE

RIN RRC RSL
RTG RWD s0C
VRT RBC RBR
RFA RFM - RML
SDW SFI SFL
SPF - VBF

Track Data Processing (TDP). - Track Data Processing
performs functional processing for the messages that
build or modify the flight plan, track and/or the
display data base. The subprograms and subroutines

to be migrated are:

CBC . dQB- - JQD
JQN JQP JQR
JQr - JQu JTA
JTI JTU KSM
SCV. - SRA SRC
SRF - SRG - SRN
KSI KSU

Display Channel Outputs (DCQ) - Display Channel Qutputs
maintains track numbered displays and associated beacon
codes for R positions, ‘generates outputs for all

displays and system status indicators at the R positions,




and performs all processing related to geographic
map displays. The subprograms and subroutines
to be migrated are:

CRJ FDA HCD
HCI HHM HIM
HRD HTI HTM
HTR RDA RGM
SHF SHL SHM
SWY  SIL SOD
STM  STO VHF

5) Real Time Quality Control (RTQC) - This subsystem
monitors the status and test messages received from
each radar site, maintains radar data counts and
Signa1s error conditions. In addition, RTQC
calculates registfétion and collimation errors
and reassigns radar sort boxes in the event of radar
failure and/or recovery. The subprograms and
subroutines to be migrated are:

RCA RFR RRA
RSO Sou

Figure D-6 is a 1ist of the data tables that must
be migrated along with the Option B subprograms

and subroutines.

OFFLOAD BENEFITS

Present indications are that implementation of the new
IOCEs will provide the following primary benefits:
' Option A Option B
- CCC Computer Capacity Recovered 10-15% 40-45%

- SE Storage Words Recovéred 88K 92K

49.

As stated earlier, Options A and B are independent of each other.
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AB
AL

BE
BR
BT
BX

CN
cQ
CsS
DH
DJ

DN

. DM -

FG
GA
GB
GC

HA
HF
HO
HP
HR
IR
IT
JA
JB
JT
JI
JN

Option B - Table Migrated

RDAM Base Address Control Table
Altimeter Data Table

Altitude Display Filter Table

Beacon Code Array

Weather/Strobe Formatting Control Table
Beacon Code Replacement Lists Array
Weather/Strobe Data Index Table

RTQC Corrections Factors Table
Coordination Fix Table -- .
Category/Function Communication Table
RTQC Communications Table

Radar Targét Batching Table

Display Data AVai]abi]ity List Table
Selected Beacon Code DCC Addressing Table
Selected Beacon Code DCC Index Table
RDA Delete Control Array .

Failed Radar Sort Box Table

Extended Sector Array

Sector Boundary Pairs Table

Extended Sector Boundary Table
Extended Sector Boundary Work Table
Radar Sort Box FPA Chain Array
Track—Numbefed>DiSp1ay Table

Track Control/Display Table

Plan View Display Table

Registration Data Table

Automatic Track Initiation Point Table
List Display Data Table

Radar Data Counts Table

‘Beacon Test Message Table

IOCEP Pointer Table
CBC Request Table
PVD Constant Table

FIGURE D-6
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In addition, some other gains that would be achieved are:

Increased Availability for Additional Functions

Increased CE Availabi1ffy for Scheduled Maintenancei

Supports Configura;ion OpFions for Transition

Low Buffering for CE Executed Functions

Calculations for storage and capacity recovered are based on
1975 data. Storage recovery estimates are based on the
Resource Buyback System and on Site Adapted Data for the
UDS. Capacity estimates are based on "SYSTEM PERFORMANCE
ANALYSIS REPORT, SPAR 70" 10 OctOQer 1975.

SPAR 70 contains measurements relative to CPU utilization

#-"for the Houston ARTCC. Measurements include number of

executions per minute and mean time per execution (in
mi1liseconds) for each NAS Program Element. From these
'measurements the percent CPU utilization for each NAS
Program Element was calculated as follows:

op < |EPS x MIE)
B CRU/RE = ( 1000 ) x 100

where: EPS = Executions per second per program element

MTS

The percent CPU utilization thus calculated can then be used
to determine the total CPU utilization for the sample period
‘as follows:

"
Total % CPU = Z (% CPU) £
2/ ,

‘where: n = total number of Program Elements Executing
during the sample period.

52.

Mean Time per Program Element Execution (msec)



In the case of the Houston ARTCC, total % CPU utilization
was found to be 173.71%. This can be interpreted to mean
that the NAS operational program required 1.73 computational
seconds per second of real time. Obviously these could only
have been accomplished through the use of multiple compute
elements. These measurements and calculations obtained from
the Houston ARTCC were used as a basis for estimating

the CPU capacity saving that could be realized due to
offloading NAS program elements into the new IOCE..

As previously stated, the criterion used for a software
offloading strategy (Options A or B) was to select subsystenis
that logically shared a common purpose and given data bases.
This was done in order to minimize the new IOCE's accesses to
main (SE) memory and, hopefully, minimize the number of
programs that will require major modifications.

- . The algorithm used to estimate CPU saving for each option.

is as follows:

n A
. TCPU - Z3 (PECPU)( | x 100

% CPU Savings = =

TCPU
where:
TCPU = Total CPU Time as calculated from
SPAR 70 (1.74 sec/sec)

PECPU = Prograﬁ Element CPU times as derived
from SPAR 70 (sec/sec)

n= Number of Program Elements in each Option

Main (SE) memory.saVing was estimated by summing the number
of words for each program and table migrated to the new IOCE.

See Appendix A for pertinent calculations.
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IMPLEMENTATION

SEQUENCE

Upgrade-of the field systems would be determined by order of need
as determined by ATF-1. The initial testing of 4341 replacement
units would require hardware system test at the FAA Technical

-- Center. Software conversion and checkout would also be accomplished

at the FAA Technical Center. The software conversion and checkout
would include checkout of instruction set differences.

In addition, a field deployment transition plan would be deveT&ped

““and tested at the FAA Technical Center for eventual use at the -

field sites. The sequence of field deployment would be 9020A
sites followed by the 9020D sites.

The following major actions can be anticipated in the IOCE replacement
effort: ’ ' )

Hardware

- Detail design of 4341 IOCE modifications
- Design verification and component release
-  Component manufacture
- 4341 10CE fabrication and factory test
.= Receive 4341 IOCE at FAA Technical Center
- Integrate with 9020 at FAA Technical Center
- System test at FAA Technical Center

Software

NAS
;- Design changes
" - Code changes E
- String test |
- System test--FAA TechnicalACenter
- Site adaptation, integration
- Site test







Fiscal Year 1982 1983 1984 1985 1986
Feasibility Analysis |—=A

Contract

Award
Development A JAN

B
Test and Evaluation & :/\ JAN
1st site -

, ‘ : oper.
Field Installation A

f I10CE Replacement Schedule

FIGURE E-1.
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and initial site installation charges. Table E-2 shows -
the development costs for Option A and Option B.

The software development costs for Option A were derived
from the migration of 77, 000 program words and 11,000

table words for a total of 88,000 words. For Option B

there are 30,000 program words and 62,000 table words,
for a total of 92,000 words. However, the effort of
migrating the code for Option B is much more complex

than for Option A. Therefore, the cost of accomp]1sh1ng .
Option B is s1gn1ficant1y h1gher than the cost.of—. - =<2
accomplishing Option A. |

The insta]]ation costs are estimated at $200K per site.
This figure assumes a five man installation team at a
site for one month.

Table E-2: Development bbst Breakdown

Option A Option B

Engineering Charges :
Hardware - $3M - $3M

Software . - Y - $18M
Insta11at1on Costs - — ¢4.8M T T B4.8MT T -
Total | $16. 8M $25. 8M

INITIAL SITE COSTS

The initial site cost is composed of one-time charges for
site preparation, start-up maintenance, and training. A
breakdown of these costs are shown in Table E-3.

The site preparation costs are broken down on a per site
basis, of 830K to modify the enVironmenta] system (humidification,
ventilation, and air conditioning) and $5K to modify the




electrical power and grounding. Thus, there is a cost

of $35K for each of 23 installations.

co.2 © The start-up maintenance costs include the cost of initial

spares at each center and the academy and the cost of
developing a repair test bed and documentation updates at
the Depot. . The initial spare costs are estimated at 10
percent of the hardware cost of each site, and the initial
Depot costs are estimated at 16 percent of the hardware cost
at one site. There is no start-up maintenance cost at'the
Technical Center. The spares are provided under the IBM

support contract already in existence.

~ The training costs are based on training 46 Airway
Facilities personnel from each center and 75 personnel
from the Academy and Technical Center for a period of
10 weeks. The cost is estimated to be $250K per site for

h .22 S'ites-.-_: :-»:5.';:'.'.‘».,;;;,:..-,". wliie

Table E-3: : Breakdown of Initial Site Cost

Total

d. TECHNICAL CENTER COST

The Technical Center costs are composed of manpower charges
for project personnel and direct support personnel. The
project‘personne1 would be involved with feasibility analysis,
contract technical administration, test and evaluation, and
field support during implementation. The direct support

60.

Option A Option B
Site Preparation C o L8M ' .8M :
“-27: -~Maintenance'Cost=re: i iy TRITIOC 6. 2M e BL2M - T
Training . 5.5M 5.5M
$12.5M $12.5M
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SUMMARY

Technical Analysis of the IOCE Replacement philosophy indicates

- a potent1a1 improvement in NAS system operation in the following

specific areas:

- Reduced CE Load - Increased proceséing capabilities of
10-15% for Option A and up to 40% for Option B. Options A
and B are stand alone software strateg1es and can be implemented
independently. While the yield of Option B (40%) is significantly
greater, the 1mp1ementat1on effort and risk are also s1gn1f1cantly
greater. ; ; ““““ '

- Increased Channe1 Capacity - Channe]ncapacity can be doubled
with a potential agg}egate data rate increase of ten: times
the present 1/0 data rate.

- System Reserve - Offloading of software modules for processing

" "in the IOCE Replacement unit:will provide a potential reserve
for implementation of new NAS System -functions ( ETABS, DABS,
etc). The extent of the reserve would depend on the.software
strategy chosen (Option A or B) and the results of an additional
study to calculate the effect of the migrated software features.

Schedule and cost estimates can, at this point, be only rough calculations

.based on assumptions. Preliminary costing would indicate a cost in the

neighborhood of $100 million for acceptance and implementation of Option
A. Due to increased complexity, and risk, Option B costs would be
approx1mate1y $115 million. Time estimates range from 30-36 months
from impiementaiton at first site to 50 months for total 1mp1ementat1on.
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APPENDIX A

Option A
0ffloaded-Tables

Number of Size (words)
Entries Fixed Site Adapt. Var.
338 1014
24 - 24
35 - 35
5 . 5
40 - 40
1. 3 -
127 127
550 - 550
1 1
50 1000
14 42
36 36
1521 1531
1- 7 7
142 145
71 73
550 - 4950
2~ KK Overlay
328 - 984
550 550
121 121
15 75
1 4
o KK Overlay
48 24
-1 N/A
15 : 30
1. N/A
1 N/A
39 39
104 208
42 84
43 43
1 N/A
. 685 11060

Total 11,745 Words for Table Migration
Total 77,255 Words for Program Migration
Based on RBB Development Plan

1975

Site Adapted Data:: Ba
Total Words Migrated (Programs and Tables) = 88,000 Words

sed on UDS

63.



Option “A" Prograﬁs
Percent CPU Utilization

o ooPC. o 0710
- DUz 13.268
B -DAM =+ 1.295
. B DM . 0.656 :
| DFP 1.327
ZDRS 5 0.357 i

" PDE C2.013 oI
PAS ©o1101
PNA ¢ 0.642
. PCE o Lo19
“PTY L _0.213 oo
- ~ 20.648 = .206 Sec/Sec

- - - .- -
~t (A iad PO
3 e -
i Sl Sl
$
.- T e R

Total CPU Utilization 173.71 = 1.74 Sec/Sec
‘Savings Due to Offloading
(1 1.74-.206\ . .,
1.74
Based on SPAR 70 available data

) x 100 = 11.83%
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Option B (Continued)
O0ffloaded Tables

Size (words) -

Site
No. Words No. Adapt
Name Per Entry Entries Fixed . Var.
IR 1 60 60
IT 6 320 1970
JA 6 60 380
JB 3 100 300
JT 2 200 400
JI 9 50 : 450
JN 2 15 30
JqQ 43 12 516
JR 30 2 60
DA 15 1 15
QE 1 . 339 339
RG 1 1394 1394
RM . 1500
RQ 1 1394 1394
RS 80 12 960
RT 7 1210 8470
RTD 7 100 700
RU 22 13 286
RW 8 1 8 ,
SG % 1394 ) 349
SS 4 100 400
TE % 1470 735
TH 9 700 6300
TK 9 700 6300
™ 22 1 22
WR 2 14 28
WS 3 100 300
WX 1 364 364
Subtotal 1012 33008
Total (first and second
pages of Option B) 5008 57150

Total 62,158 Words for Table Migration
Total 29,845 Words for Program Migration
Based on RBB Development Plan
1975
. Site Adapted Data Based on UDS
Total Words Migrated (Programs and Tables) 92,000 Words
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	A.. INTRODUCTION The load on the NAS Enroute Air Traffic Control System is nearing its part~c~larly true of those sites having the 9020A Central Computer Complex. The agency has a program to develop t but this system may not be oper~tional t~ experiencing capacity problems with the present system• 
	maximum capacity. This is 
	a replacement computer:sy.stem
	prior 

	..~ ~. -~ 
	..~ ~. -~ 
	....... -'"' ..........o ...... 

	tenm computer replacement program, there are unde~ considerati.~nseveral-.interim·systems which may be 
	In addition to the long 
	~ 
	presently 

	__. ,"'~ .-... .~ ,~4~ • 
	__. ,"'~ .-... .~ ,~4~ • 

	required to extend the life of the basic·9020 Systems before their replacement,~"is_.av~i.~apJe.. These interim· systems include: 
	final 

	; ....:.. •... .;.; '-L· :.. -.... ,.;...... .... ~~. . -'...... -'. I 
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	-Rehosting the NAS Software.on a new generation computer. 
	-Off-loading portiolJs·of theNAS $oftwar~ to other-computer.. 4 
	~.-.. -"'. --"'~ .. .....-.. ---:-.._. -" ---'--~ .. --_...--. -.~-... ~.~ . -_..:.. .. 
	systems. 
	systems. 

	Enhanc~.n~~~.be_:.J~AB~~~$ystem to... ci.n.clud~_ ~adar data p~ocessing 
	-:..J '. ..". ~.'" ~.' _ r' ~~ -" ~ _ 
	-:..J '. ..". ~.'" ~.' _ r' ~~ -" ~ _ 

	and. other functions presently being performed in the 9020 
	Sy~tem •.. 
	Sy~tem •.. 
	-Replacing the present IOCEs • 
	-..,.. ...." .. ."-' .-,.. 
	.

	~· ....,-. w-"". ..~ ... ~":': 
	_' __ •__. "L.... 


	These interim systems are.presently under investigation by various 
	........ . -------.110-__._ . . • _ .. ...... ........ -.. ... _ _ _. _ ". ..
	~ 
	~ 

	agency and CP~tr~~~~r personn~l •.AED-l has requested the Technical Center to support the investigation of the IOCE replacement. This report summarizes the results of this investigation. 
	-....... -,..;...... ~~. .--. .... --.... '. ~-. -_. :--...... 
	-....... -,..;...... ~~. .--. .... --.... '. ~-. -_. :--...... 

	9020A~-sltes is the most ~ritical 
	Computing power at the;.present-

	:~ .~, .-:. . :: _-:. ~ .."_. ".'~~"',' --" ~~.. -. ~ ..--'-'--.__.--.' .-.-_. -.' -.. ~ -­
	resource. At. certain sites. the computer utilization is approaching 
	...-• ""-... _....-. • • • 40 • 
	...-• ""-... _....-. • • • 40 • 

	75 percent. Under this condition, the system response time is adver~ely·aff~~ted. Off-loading some of the NAS software tasks to bee~.inyestigated as an interim solution to; improve CPU utilization. Replacing the IDCE with a more powerful unit appears to offer.some attractive advantages. These advantages include: 
	the present IOCE has 

	2.. 
	2.. 
	-Increased, system flexibility. 
	-Minimum changes in adapting the operational program. 
	-Ease of system transition. 

	.... 
	Reduced maintenance . 
	Reduced maintenance . 

	for.:the~JOCE'considered in this report is the IBM 4341 computer. A~43~1 c9~p~ter is presently available at the ~ Technical Center and is used as an Operating System (OS) Jobshop. Al so avai 1able are components of 'the -.9020C (360/50) System purposes~ : 
	The replacement· 
	previously used for,Jobshop 

	Some actual exper'iments ihav~.been.-.accomplished_ in -rehosting ·theNAS operational program ~n the 4341 computer previous to the request by AED-l for IOCE Replacement support. Although the work was not entirely ~pp'l ; c'able.9 ~7Certain"90rtions ·~of,··:~thi:s:~wOrk~have· ',been .used~··irf·supporting· the analysis contained in: this report. 
	1.. PRESENT SYSTEM The Central C0!DPute~ .. ComPJ_ex is an IBM Model 9020 Compu'ter. The 
	. --..._--_.... -..... ­
	. --..._--_.... -..... ­
	-~ 

	compute~._is 'Il.odular i.n ..des1gn_:~~andcan be configured to':varl0us. numbers~of "components ~~_i 1or~d.: to,.theATC processing requirements.. Th'e ~omput_e~ a.c-c~,p~'~I1~:~prQ.Ces;Ses, data from· remotel.ocations. such as radar sites, adjacent Centers, and ATC Tenninal facilities.. Two prime functions of the computer are to prepare and .distribute. fli.ght plans.,v.i~theflightstrip printers (FSP) and to.' provide info~ation to the display subsystems.. 
	). 
	updated radar 

	The IBM 9,020 systems_ are'-soliti-statedata process-;ng ;"systems. whi ch .pro~ide.,. t,h~ ,data ma,n; pU,lating. versati 1ityto perfonnthe'~. Air Traffic Control functions.", Individual 9020 systems, tdesigned. for. the Cent'ral Computer Complex (CCC) env;ronment, are composed. of the following types of major self-conta;ned, self-powered. elements and units:. 
	3. 
	3. 

	Computing Element (7201~Ol) ore 1201-02). I/O Control Element (7231-02). Storage Element (7251-08) or (7251-09). 
	System~Console. {7265-02) 
	System~Console. {7265-02) 
	, -. 
	-'-. 
	-.. 


	·~. Peripheral AdaPt~r Mod~le (7289-02). Contr~l Unit (2803-01). Storage Control Unit (23l4-Al). 
	Tape 

	design::~nForporates the following features: Any Input/Output Control Element (IOCE) can access any 
	The IBM. 9020, system 
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	Each Peripheral Adapter Module (PAM) is connected to the system through two Input/Output Control Elements. 
	i~:connected to the system through a subchanne1 iJ'1 each of two Peri phera1 Adapter
	Each Input/Output line 
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	10CE DESCRIPTION.
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	The IBM 7231-02 Input/Output Control Element (IOCE) has t\t() major' purposes; the primary, to control I/O devices; the secondary, to '. process data under control of a computing element (CE) • 
	... ..-.-------., -._--, ~-.
	... ..-.-------., -._--, ~-.
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	a.. DATA FLOW. :..~ (::j ~ The 10CE data flow consists of hardware required to control: 
	-
	-
	-·'Infonnation transfers between IOCE and CEo 
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	i'-­
	(?' ,.•.. , 
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	4. 
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	-Infonnati'on transfers between IOCE and preferentia1 
	storage area -·(PSA) wi-thi-n a Storage Element (SE). 
	-. Data ·transfers·.:·between-,I/O ,control dey; ces attached .4 to the Multiplexor Channel and the Storage Elements (5E) or MACH storage. 
	'-."Oata ,Transfers·' betweenI{fJ control devic'es attached' to the Selector ~·Chan·ne,l ·and the Storage Elements (SE) or 
	r 
	r 
	MACH storage. ,­

	-Transfer of certain IOCE status conditions to the System o~tonfiguration tonsole. 
	Console 

	-Informati'on·;transfers·between CLUand MACH and/or 
	~ 'main -storage. 
	~ 'main -storage. 

	'l;.·'~ii~·~A;·bshOWS the general·· relationship andinterfac.es.----­between an IOCEandthe computing~lements, storage element,s '. (SE) and input/output devices. 
	Common Logic Unit -·-(.CL.U),·: ·The 'CLU ~ contains ~·transistor:registers,datatra.nsferpaths, andcontrols~T.he:~CLUalsohas twenty~one(21 )ful1,--word~ ... ~regi-s·ters used for channeld·ata and control storage. 
	-Dataflow is control1ed'by~~a Read-Only Storage Unit. This 
	J 
	J 

	capac'itorstorage:':unit'~~operating'on a 0.5 usee cycle• 
	isa 

	.­
	.­
	: ,po",;',•• 
	~ ~ ~_:~ _ : .e-: 

	MACH Storage .' . " ; ~ MACH ,(maintenance and;Channe1) storage is a32K word, 2.• 0 usee cycle core storage contained in the IOCE. Part of this storage' (1024 'words ) is 'used to 'store ,control word.$·;·forthe 
	. multiplexor channel '(four wO'rds per subchannel ).. The remainder provides storage facility for processor operations, channel data, and maintenance operations. 
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	FIGURE A... l. 
	6. 
	Multiplexor Channel ~._<;'.:. The 7231-02 is equipped with 'oneMultiplexor Channeh~"[his. channel is capable of control]ing several low to medium speed. units simultaneously in multiplex mode or a single higher. speed unit in burst.mode~ ""'". 
	Iio 

	Selector Channel ...., ...,..: ,'~':. The 7231-02 is equipped with two Selector Channels (expandable. to three channels in:the ..f-irst two IOCEs within a 9020 System). •. ASelector Channel is capable of handling high'speed I/O,. devices. (;;;"~' . ~~. ::.-:<:":';h.~E-. . --.. 
	'... 
	Selector Channels operate in burst mode. Only one device may be selected at a time, and no other I/O device on the Selector Channel can operate unti1the·~activity of the selected unit 
	"'~"".'" •..:,·, ""', '" ~-:-. ~ "••. 
	"_. 
	.•;'.1'.-..

	.~ 

	",~,.!_'7 -'.-.,,' 
	",~,.!_'7 -'.-.,,' 
	has been tenninated. 
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	The IOCE interfaceswitn the CE;,S£i PAM, and other]10Ydevices 
	i 

	of the 9020 System. ,.' ".01,) '.J" ,,; ,",.-:);1: 
	Comnunication between IOCE·and,..·CE is accomplished '.via~c.l tng between the units. ,-Thiscabling'~onstitutestheli8gial~~~ boundary (i:~terface)-.,betweenthe''-:-lOCE and CEof:the 18M·<~OZO 
	systems. ";,.~.j~~1'Y-::::f~ t~;·::·':·'7"· ";"'~.!' '~:!;'~ ~),",{:,:~ 
	..~ ... 
	.:.;

	' 
	In general, I/O instructions, IOCE-Processor control signals, interruptions, masks, addresses, condition codes and various ~ther inter':element' control fu'nctions are transmitted acres's 
	. the IOCE/CE interfcice.,~·· Only::eontrol informationAs;:tnn$¥';:!"'~<i~-~ 
	-

	ferred between these--elements-.;'~<:, ...::' ';-':,'-'('.,h :"~r:?i~: 
	In addition, the IOCE acceptsslgnal-s over·the iMel'fa~-~J'·.· 
	perform vari ous special. funct.ions. ':.:":;, 
	-< ......", ~'-., 
	-." 
	... 

	-
	I• 
	7. 
	Similarly, communication between IOCE and SE is via the. IOCE/SE interface cabling. The information passing over. this interface is primarily data, protection keys and. addresses.. 
	Ad~it;onal communication between IOCE and System Console. or Configuration Console is via the IOCE/System Console or. Configuration Console interface cabling. The' information. passing over this interface is primarily IOCE status. tnfo_nnation.. 
	Configuration Control Register (CCR) -This is a register. in the CLU that is loaded by a.SCON instruction issued by. a CE via the IOCE/CE interface. The contents of this. 
	~ register define: _ _ 
	element~' is in, which in turn ~"--":--, determines ·,which manual '1:ontrols are enabled -on-the---­IDCE Control Panel. 
	The state that the 

	-The CEwith which it operates for all functions other than the SCON instruction. 
	-Those CEls from which the IOCE will accept a reconfi'guration instruction (SCON). 
	-, The SEls with which the laCE can communicate. 
	Address Translation Register CATR) With address translation, a program written for a span of addresses within one SE can, under program control, be -relocate,i' and 'exe~~ted 'f~o~ another SE that does not contain the original spanr. of addresses. A reassignment of the SEls within the system only requires changing the contents of the address translation registers of the accessing elements. 
	8.. 
	The ATR in an IOCE ~s a 48-bit register di~ided into 12 four-bit positions, each position being assigned to a block of logical addresses. A logical address produced by the p~ogram ident~~ies. _a .. 1.o~i.cal SE, which selects a corresponding four-bit position' of the ATR. The bit confi,gu~~~i.on (hexadecim~l_.char~cter) in this ATR position will change the physical SE selected although the logical 
	.­
	SE does ."n~~_-c~~~g~,._. _ ~:":~=-=:~ ­• 
	3.. 4341 DESCRIPTION The 4341 Processor' is an intermed~ate-scale, general purpose processor. The processor provides ari~hmetic, iogic and cont~l functions~ storage, channels. and system diskette drive. 
	The 4341 design is bas~d_ on Sy~tem 370 architect~re. Compatibility .... 90~O a.rchi.tectur.e will require certain hardware modificati"ons to the base ,4341 machine. These include: 
	with existing NAS 

	~4':_:,,~. .... _ ._--_-__ ...: _ . ..I.~. ~.::.~_ ~ _ ,....
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	···~----·:_;··~~~·~··-irit~;~~i~~~~t--~~~~~:ic-ation·i~terf~ces-(incl'~ding-9020-~·· System Cons.ole "inte.rfac~s)_. 
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	-Set Configurati~n (SCON) instruction opefation. 
	-Storage -;~em~n~ ~c~ess by the replacement IOCE. 
	a.. DATA FLOW '-: "__ : . ~_~ .. ~ ,_ ._.'
	___ .•. . -c_, . .,. ,_ 
	The fu~ct.i~onal op~ra,tions '~f ~:the _4341 proc~.s.sor u~e hardware regist~rs :called external registers that are located throughout a~e data links between .use~r. ,programs,l'.li.crocode and the 4341 processor hardware. Figure A-2 shows the. data flow for the 4341 processor. 
	the hardware. The external ,registers 
	the 
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	to communicate with and obtain data from the input/output (I/O) devices. The 4341 can have up to six channels (two byte-multiplex channels and up to four block multiplex channels). The channel includes: 
	-InterfaceAdapters-Section 
	.A 
	-Interface Contro11 er-: Secti on 
	-Channel Control Section 
	-Channel Data Buffer Section 
	Instruction· Processor The instruction processor is the hardware unit that processes the data and programs~ ~ It contains the hardware and microcode to interpret and execute the source programs and to control the 
	~ channel s" ~and rna ih-;:-storag-e:-:; t'The": instruct; on" process·or-"; ncl udes: 
	: 
	-Arithmetic Logic Unit Local Storage/Data Flow Registers 
	-Shifter Circuits 
	--Storage-·.Addressing and Update Reg; sters 
	-Control Storage 
	Main Storage and Controls Main storage": ·and-contro'ls -i5--the-unit that contains the processor stor~ge •. It also'contains-the address control circuits to address and con,trol each area of the ~ processor storage. The rna"in storage and controls". toel udes:: '. -.. ~;~. :-.... 
	-Storage Address Contr91 Section 
	-High-Speed Buffer Section Main Storage Section 
	11. 
	Maintenance and Support Subsystem. The maintenance and support subsystem: (MSS) is the unit·. that perfonns:. 
	.... 
	~. 
	Power control -and monitoring 
	..It 
	·I nitia1 'm; crocodel oa'd" '( IML) . 
	~}: ._,.Dtsplay console control
	co.'. _ 
	Error logging 
	High -Speed I"put/Output ·'Egui·pment 
	. The required DASD capacity -for' the replacement IOCE is'~not available-with the present complement of 2314 disk equipment. Ttie~,·addit'ioo·:of2314~disk:~c~a·pac·i"ty~-i s.'not" de's:,'realllesinee·· ­its operating speeds-would not match .those of the 4341 I/O···· ­channels. State-of-the-art disks (33505) would provide significantly' 'increased' speed and capacity. System reliability 
	·'should.,also~,be enhanced.-because··,of· the fixed ~edia design of the 33505. The present Disk-Control Units would be ~placed with 3830 DeUs. 'The ·magneti·c-tape 'subsystem shaul d a1so be 
	r..: '~rep racecfwi tit:~the~r(gher ~:speicf~ -M gherdensity ~3420 t~pe;' dri yes "and 3803 tape control units. 
	b'_ DESIGN HIGHLIGHTS-'-~~~-"~ . 
	~ ~"'" ..;. ,~. "I.::'" ~ "'~ .
	., -.... ..... -

	Storage ..' 
	''I.'' ••• _'.... ~ ,­
	.' All storage in the~ ',4341· -(p-rocessor. control. high-':'speed buffer. and l~cal)' is implemented using monolithic' technolo'gy "instead 
	...•.. of discrete·'ferrite:c·ore's'.: The te'chnology used"for processor storage in the--434'.' "processor provides a much ..denser storage chi p (64K bi ts' per chip) . than is used ; n most System/370 processors (2K b;ts per chip) and a new bipolar technology is used for control storage and high-speed buffer storage. 
	-12.. 
	A two-level storage system is implemented, consisting of large processor storage used as backup storage for a smaller high-speed buffer storage. The instruction processing functions works mo~tly'with the buffer so that th~ effective 
	. -" -,",-'. -~ -~ ":.­
	process'or storage cycle is, a fraction of the actual processor storage ,cycle. 8K ~ytes of high-speed buffer storage are standard~Data is_fetched from the buffer at a rate .of 225 '., nanoseconds for~ a"(jouble~o;rd: ~ --", 
	... 

	• 
	" Microcode 
	,. --.-. ~ 
	~ 
	Re1oadable'· control· storage to'contain all the microcode~ .. req~;red"bY-' t·h~·-; ~;tr~ct; ~;,~ p';~~;s~i ~g'" functi~~ 6f the .. t~·.;:: 4341 processor is standard. Use of writeable, instead read-onlYt.con~rol,st~rag~ offers the advantages of -=-··i.mproy~~. ~~~tem s.~rv~ ceabil ity and ease of opt; on~1 feat~re and erigi~ee~ing-thange installation• 
	of 

	. _.:.:-~_Error checki~g and co~r~ction (ECC) hardware automatjca.lly 
	~'.'.-''''' ~ ••--.,... ~,._---.:.. -~.~ & _.. •••• • 
	corrects a1l's;ngle~~it processor s~orage errors and detects (but does not correct) 'a1J d9ubl,e-bit and many mult;iple-bit errors. 
	Channels The following chann~l features are provided for t~e 434J proc~s~o:r: ""T~~-'~han~el groups are available for the 4341 proce~~or'~~~~~h c~ri~isting of one byte multiplexer and two block multiplexer channels. 
	The byte multiplexer channel has a 16 kb/sec maximum data rate in byte mode of single-byte transfer operations and 64-kb/sec 
	~ r0 
	•• _ 

	maximum' ~yte mode data rate 'for four-byte transfer operations. ~urst mode ,operations, a maximum data rate of 1 mb/sec is 
	For 

	..... . --­
	.. 

	possible'for a buffered device. Functionally, the byte 
	' 
	--

	~ultiplexer channel for the ,~341 processor is equivalent to 
	that for System/360 and System!370 processors. 
	· 13.. 
	The standard block multiplexer channels have a maximum data rate of 2 mb/sec each. The maximum aggregate data·rate for the 4341 is -approximately 7 mb/sec. 
	Opt;onaiiy'~--one'thanneJ .:t6:'thallnel Ada-Pl;er can be installed" in~a 4341 processor~and attached to any block multiplexer channel. The adapter can be used to connect the channel 
	.; 

	.... -,... ~r· __ ~ ... 
	in-the-'4341 processor to-achannel'in a System/360; a'­System/370 or another 4341 processor. _..-.. , '. 
	Oisplay Console .•_. _ __._ ... A 3278 Model '2A Di-splaYConsole, consisting of a cathode--ray--····· tube keyboard, --and operator' control panel, is required as the operator console. The display console is used to perfonm manual operations that for System/360 processors areperfonned ~~i~g--s-~tches and-pushbuttons on' a control panel' located on 'the front" of the processor unit•. The . 
	~.console·is,aJ so used ·for-~.~q.p~rat()r ..to-ope.rati ng ~ 'system conmunfcationsand-for d;agnosi~g-pro~es~o'r ~alf~~-c'tions. 
	display 

	COMPARISON OF 4341 AND laCE (7231-02) Increased Instruction Execution Perfonmance The cycle time of the 4341 processor varies from 150 to 300 nanoseconds wi·th an 8-byte parallel data flow. The cycle time of the 7231-02 laCE is 500 nanoseconds ~th a 4-byte parallel data flow. 
	Improvements in the number of functions performed during the instruction cycle of instruction execution result in the faster execution of many instruct;ons, most of which are among the more frequently'used instructions.-The standard instruction' set for the 4341 processor includes many new general purpose and contro1-program-oriented instructions in addition to the powerful System/370 instruction set. 
	14.,. 
	, Larger, Faster Processor Storage Processor storage sizes of 2048K bytes and 4096K bytes are provid~d. The 7231-02 IOCE has a maximum of 128K bytes. The effective access time to processor storage in the 4341 processors is faster than that of Models 50 and 65 (two microseconds for four bytes for the Model 50 and 7~O nanoseconds for eight bytes for the Model 65 ¥ersus 225 nanoseconds for eight bytes for 
	,.. the 4341 processor). The effective access time to processor storage in the 4341 proces~()r .~is Jower because of the implementation of a high-speed bUffer., This improved access time~increases~ internal perfonmance and penmits faster I/O devices to be attached 
	"' 
	to the 4341 processors. 
	~ 
	. -­
	Greatly Expand~d I/O Capabilities 
	'0 _ 
	The fasto ;nterna1 perfonnan'ce of the 4341 processor, togethe'r' " -­
	'0 -. 
	with the expanded use of multi-progranming, requires that more ~ ~,-.. _, _,data be ~vai 1ab1 e faster t'h,an..the 7231-02 IOCE. The 4341-. 
	...--...... -----­
	!~,~~ ~·~·~'processor' support more and" faster concurrent high~speed I/O ,operations than the 7231-02. It also provides block multiplexing capability, which is not available for the 7231-02. 
	The I/O features of the 4341 processor provide: 
	-Two more channels than are available for the 7231-02 (six versus four). 
	-Attachment of high-speed, high capacity, direct access devices. 
	-Attachment of higher speed tape units. 
	-Potential increases in channel throughput via use of block multiplexing and rotational position sensing to ;mprove effective data tran~fer rates. 
	15.. 
	-A significantly higher attainable aggregate I/O data rate than the 7231-02 IOCE to balance the higher perfonnance capabi lities of the 4341 processpr :_ 
	. (maximum 7 mb/sec for the 4341 processor versus .8 mb/sec for the 7231-02) . 
	~,_ . 
	., .i.. ., ,. 

	Pertinent features of~ the 4341 and 7231-02 are sunmarized, in -.' ~>< ~.~ 
	Table A-I., 
	..'; 

	Figure
	." .. '..,.. ~;: ­
	Figure
	'""," ;. '.~--:.. : 
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	-TABLE A-I 

	TR
	HARDWARE­FEATURE 
	7231-02 
	4341-Ll 

	TR
	Processor Storage(kilo bytes) Processor StorageCycle (nanoseconds) Type of .p.roces.sor.~ .-: .__~ .-.~ Storage Instruction Time Add (nanoseconds) Selector Channels 
	.""­
	• 
	"~' 
	.... i ~ 4':"­_ ... 128 2000 for 4 bytes' 3250 3 
	409.6 225 for 8 bytes Monolithic 375 4 

	TR
	Maximum Aggregate -. Data Rate for Channels (megabytes/sec) 
	··0..8 
	, 
	7.0 
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	B.. ~... ---. For the proposed IOCE replacement to ~e a viabJe interim system 
	ASSUMPTIONS/REQUIREMENTS 
	... 

	",­
	improvement, the following assumptions/requirements must be satisfied: 
	::: '" ..... 
	.... ... .. ~ -.._ ...... ~~ ~ ._._ l ~ • 
	1.. The present NAS Enroute System is in a condition of stability, 
	.. ­
	and. will continue to provide the required system support until 
	.. "'... • ~ ......"..:: ," ~ .~ ~r-7'"" ~-_~ .... :-:: .~~... ' ••' ~. ..• -~ .-'" ~ 
	it can be replaced~' "Sysfein'-Ustability" connotes a nonnal level 
	• ...'. _-". or -.. ~ •., .~. _. _.. ~ ...~. ­
	of software fixacti_vity(PTRsl and hardwaremaintena~ce. and also the abs~nce. of a~y major"'software or hardware chang~-activity. The stabi1ity'must~be such that hardware component replacement or program element offloadingcan be efficiently accomplished. 
	2.. IOCE replacement considerations will not be in competition with plans and;activities'~fth~ edmputer Replacement Program. The scope of the IOCE Replacement effort must be such as not to . impact the design. schedule. implementa~ion. te.st.~r ..fundi.ng. __ 
	of the Computer Replacement activity. 
	3.. Implementation of the IO~E replacement at the ARTCCs must be 
	~. .. , ,~ . -. ­
	accompl i shed with minimum impact to Center operat·ions. An ARTee deployment plan must be included as part of the overall 
	IOCE. 'Replacemen{'De~iCgn Pl an. 
	_. 
	_. 
	_. 

	-­
	-­
	-., 
	tr ... 
	-
	"",,":,,' \!' 

	TR
	.. • '!., -~ 
	... • 
	.;,;, :... ::. ~.~. ~ . 
	. ­-

	" 
	" 
	,-"-'~~.;-:..'
	-

	......... 
	~':: 
	.~~\ 
	.. -~ 
	. 

	TR
	• "\.... _.. 
	"_I z.,.. 
	'~.~ __ 
	.. 
	_ 
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	c.. EVALUATION CONSIDERATIONS 

	1.. TECHNICAL FEASIBILITY 
	1.. TECHNICAL FEASIBILITY 
	... .­
	One of the primary considerations in evaluation of an interim system is that it must be usable in significant)y less time than 
	..-. -­
	it would take to implement and install the ultimate compute~ 
	_~~. .... 4 -...... ,... 
	replacement _syste.m. For ,this .~~ _~ ach~evabl_e" ~is interim. system implementation depends ~n the ability to limit the .. 
	•
	impact by utilizing the existing software. While it is 
	-,. practically impossible to achieve an interim system without-'. 
	i;"pacting soitware at all, it 'be~~mes -highly desirable to ­
	minimize the amount of code to be ~ritten or redesigned to 
	accommodate hardware updates. 'The software impact then must 
	be limited to those module changes required to assimilate the 
	new. 'archi'tect;reand sel'~~t~d )nodul~s to t~ke" ad~ant~g~ of the 
	new. architecture. 
	Toward--this' end, aSys-te~ "C~ntt~l'P~ogram should be-'avai"labie: . 
	. ." 
	to be implemented, wi,th minimal modification, to operate in the" IOCE replacement hardware. It would need to provide the mechanisms to control the increased number of channels and 
	.-" --.. ~. ­
	support the reliability, ~availability and serv;ceabil"ity , featu-res of the IOCE repl"ace~n~t.-lt would also "need to support 
	, 
	the selected :software modul-es -to "be offloaded for processing. Fo~--'the' iOCE" t;pl;~C~~ht· ~cti~ity-,~ :-t-hi"s sy~tem'-co~trol progr:am-' 
	is the Virtual Machine Fac~lity (VM/370) . 
	. ~. ....---.... --.,-. .. 
	The. VM/370 System Control Program is the 370 oriented "program 
	.. ~ . _.--. -..
	~ -". ... 
	supplied and supporte~ by I~M. -I~ some respects, VM perfonms the 
	same system control ·ta,~>~s as does NAS. For example, both NAS 
	-... _ .. 
	and. VM-. 
	• -~. ."_. .. 1" ~ -,;.-°0 .. ..' ~ ..-.~. .. 
	. ... . -..... .. 
	a.. 
	a.. 
	a.. 
	Schedule work (applicat~ons)to run on the systems they control. 
	~ 


	b.. 
	b.. 
	Allocate the CPU to tasks, using an algorithm designed 
	--



	19.. 
	c.. 
	c.. 
	c.. 
	Manage storage resources.: I/O. the CPU and data. 

	d.. 
	d.. 
	Attempt to recover from'or'limit the impact of. hardware and software failures. .. 


	_._••.: -. ~. •: <t'. .: ,~'. u.·-: '... ' .-. 
	..... _ .._ __ _.. .• ..,;.4' ......... ~. .. \-• '\1r-",1 ~ ... 
	~" .e~ .:,p.rQ~i~e .~. coherent-~et·::of~,·interfaces (Macros or. high-level languages) to shield applications. i, \. ,"'_' pr9gra~r$~lfrom many of the rigors of machine­
	~~.........r __'...........,......_ ................ 
	_'_.__.... 

	. '~oi. . I ~ lev~1-~co4i~g.t.f !/~~ c~S:\ ~::: :--:,... ' .. ~~ ~~---;-:-=-:, cf 
	VM is. however, unlike NAS in several important respects • 
	~ ~,... ~ ---: '" -:.Mo--~... ~ 
	..:. 

	_~. __ ..;, .... -0-_. 
	...--.-

	.-_. r:. __.... :' .. .... -..,; __
	~ 
	._.: b. Op~r:a~i.ng:~ystems as. applications • 
	' 
	.

	. -:. ~-~.. -. _ -~ ..!: ... ~~.... .. .".• it·.......,..... '.!~ r~;~~. 
	__ l'_ ~ '....::...._ -._ l... ~. I :.;..~ :.....&-.. ~ ~-'. 
	c.. Wqrk schedul ing.~ '-..­
	d.'. I/O .resource. shar.ing among multiple users. 
	:>:-e.-Err.or. :recovery. 
	_ .._ ~ ~~ -.... 7f­
	........ -.-;:. OIL. ~_ •. 
	.,...--...·v"... 

	~~~ ~+.:; j ............ 
	.

	Main"Storage .Management~ a~'~j etti:~~t. :-c, 
	VM. or rather -its predecess'or~~w-as' originallydesi"gned for use ­on a modified360/65,-Which' 15-the same -techno1ogybase as that of ·the'9020~·-C::The "kei-sysCtenrmodification is a hardware' unit . soirietimes··refe~rred 'tcras't'he"::OAT '{D,ynamfc Address Translation} . box, whi ch· turns' the machines-::from"" -a fi xed-memory to a' vi rtua1~=. ­memorysyst:em.t=:;·This·:~unit-pennits·::a···part of" a program running 
	in memory to reference a pirt'-'Of'the saine program located on a 
	. ... ­
	.. 

	disk device--having been put there because it was idle and not 
	profitable using the main storage it occupied. Recognizing 
	that a segment of a running program is not in main storage. the 
	20. 
	OAT box notifies system control software to read,in the 
	temporarily umissing" page (4096 bytes). Wherever the 
	.page .i.s.placedin ma i~ .~~torage,_ ~he. OAT box wi 11 locate 
	,it through ta~les ~~ maintains describing the contents 
	-~ ....... -. ~ ...-­
	~of all of main storage. These same tables point to pages 
	« 
	.~-. .-. -_.­
	..,on auxiliary (disk) storage containing parts of programs 
	.. I .... -.. .... 
	.... 
	'~~Lhat have .been. "pag~,d, ou.t" ..due .,~.o 1.ack ~f_ use. By. constantly :monitoring~rog~am ~e~~n.~,s ~~n. ~e~l_ .(main) storage.•.an.d by ~~~ ~..: ~ ,.paging programs in and ..outas 'necessary, VM gives its users. •
	'J
	1·_ ..._ .. 
	,~h~ impression of:having.,.:.a~a;.lable' a quantity of main sto.rage 
	'\ ~ ~-... . -....... -.,.... ," ... ..... .: ~ -... _.; ..-. --.. ~. 
	~ far exceeding the amountphys; cally attached. The theoretical. 
	.. -.... ... . 
	foundation for this implementation of "virtual" storage is the 
	_n.locality~of-refer~nc~1I :con~~pt. This says that a given program 
	,will use only a subset (perhaps 20%) of its total code in a 
	~~
	• • 4 ... _ "-'-_.w_.' _ ...... • -.._...... _ _ _ _ _ _ .. 
	~given s~ice of time, while the remainder will not require execution until somewhat later. NAS/9020 and other pre-virtual -systems can concur-rentlY ,r.un .programs equal or less than _.the..: 
	.-·~~i;~ of th·e:syste~'sphY~ic;l· ·~torage. VM and other II virtual 
	ll 

	'.. ---. -..­
	~onstraint. 
	systems eliminate this 

	Operating Systems as Applications ::The singl'e, unique aspe~_t of~V~ _amon.g virtual operating syste.~ _"ts that the ".applications'~.that .run under it are, .in .real.itY,.otner 
	.. --'". .. ... ­
	"operating _sys.tems.. l:hese other operating systems schedule and 
	~~:rfo~~~o~k~'a'~ j'f"-'they:;e;e'''r~nrii~g standalone ·in a CPU.'·' 'Through 
	... .... -" .. 
	.. 

	a very simple description of the I/O and memory resources alloted to each virtual machine~·VM·c~eates a directory, by name. of the :s~bse~ ..o~~9~al system resources each user is alloted. Each 
	-Qf -these~gu~~t-.operati.n.9 .sy,stems and appl i cation programs. is, 
	~ ... -.-_. .. ...­
	.. ... 
	in effect, independent. and is called a. "virtual mach.ine. Any 
	1I 

	system 360 or system, 370 .operating system will run under VM in a 
	-
	.. 

	• ~ ~. ..~ •_.. •, ... ~ I , ... ~ • :;: ': __............ ..... _ _ •. 
	virtual machine, concurrent with -a number of oth~r virtual machines. Perfonmance is, of course, the limiting factor in detenmining how many virtual machines can be run' at one time. NAS uses special instructions not present on standard processors, and therefore presents a special problem to VM. A combination of hardware, NAS and VM modifications can resolve ,the known conflicts. 
	21.. 
	Work Scheduling VM, unlike NAS, is not an event driven system. Rather, each virtual machine is "time sliced", or given a limited time (measured in thousandths of a second) to run, after which use of the CPU is passed to another virtual machine. Numerous system programmer and operator options exist to bias performance
	.
	.. 
	in.favor of a designated virtual machine. The basic time­sl icing' mechani·snr,... ·however,-rema·;ns·;n effect.--·--~..~-. -=~._­
	~. -:. <or--. ~ ---_. -~. -... ;".L ~ _ ...._ __ .. _ •. -... .. .. 
	I/O· Resource Sharing " .. ~ _ ._ 
	..~ .. -.:.~~ .... VM ach;eves·-a---leyel-of-l~e·v:ke-s·haring ..·surpassin'g-t-hat-.of other operating' systems. By segmenting a single disk into multiple 'uniquely addressable units" (minidisksl, the virtual machines running under VM p~rceive a number of disk drives far~­in excess of those actually~ installed•. Non-sharable devices, such as tape d;ives t are de~icated to specific virtual machines In~addition to virtual storage and 
	until no longer needed. 

	-, 1. if" 
	virtual di sks ,~VM prov;des a virtual channel-to-cha'nne1 adapter-­functionally equivalent to that connecting a 90200 to a 9020E--but implemented through software to connect two virtual machines .running under6--VM._-.·.,-.-;..-:-------,_ -. _. 
	Error Recovery Since VM is in control of the real hardware resources of the system, it will handle and attempt to recover hardware error conditions relating to the active virtual machines. If an error condition proves unrecoverable, the related virtual machine will be tenminated. Except in the case of real CPU hardware failures, this termination will nonmally not impact other active virtual machines. VM will attempt to recover its own software failures. When an,abnormal software condition occurs in a virtua
	error recovery 

	~ . 
	22.. 
	Assuming the necessary VM and NAS modifications (the hardware 
	Assuming the necessary VM and NAS modifications (the hardware 
	Assuming the necessary VM and NAS modifications (the hardware 

	problems are not addressed in this section), NAS would communicate 
	problems are not addressed in this section), NAS would communicate 

	with VM--like most other operating systems--only in a passive 
	with VM--like most other operating systems--only in a passive 

	sense. That is to say, VM would determine when NAS was to have 
	sense. That is to say, VM would determine when NAS was to have 

	control of the CPU, would pass relevant interrup~to NAS for 
	control of the CPU, would pass relevant interrup~to NAS for 

	processing and would field or forward~ hardware and software 
	processing and would field or forward~ hardware and software 

	errors according to a standard set of rules. Ahigher level 
	errors according to a standard set of rules. Ahigher level 

	of communication, one with sig~ificant perfonmance and functional impl;:cations, is possible. By using the IIdiagnoseli instruction 
	of communication, one with sig~ificant perfonmance and functional impl;:cations, is possible. By using the IIdiagnoseli instruction 
	• 

	(seldom used except by NAS and VM), VM could be made aware of 
	(seldom used except by NAS and VM), VM could be made aware of 

	NASls specific support needs and could satisfy them in a timely. 
	NASls specific support needs and could satisfy them in a timely. 

	fashion. While the VM architecture provides the base for 
	fashion. While the VM architecture provides the base for 

	comnunications using "diagnose-·, enhancements ·to both the NAS 
	comnunications using "diagnose-·, enhancements ·to both the NAS 

	and VM code would be required to take full advantage of this 
	and VM code would be required to take full advantage of this 

	capability. 
	capability. 

	T~.summarize, VM is an.operating system with the capability of 
	T~.summarize, VM is an.operating system with the capability of 

	. 
	. 
	interfacing with the NAS Operational program. Under VM1s 

	TR
	control, virtual machines (processors) are defined as having a 

	TR
	given amount of main storage and a specified number of ·1/0 

	TR
	resources. Within any virtual machine, any 360 or 370 operating 

	TR
	system can be loaded (assuming sufficient memory and I/O devices) 

	TR
	and can then run application programs with no awareness that they 

	TR
	ar~t in a sense, under. the control of VM. PictographicalJy, 

	TR
	this capability can be represented by the following diagram 

	TR
	of main storage in a VM sy~tem: (Figure C-l) 

	2. 
	2. 
	SOFTWARE IMPACT 

	TR
	The VM/370 System Control Program is a feasible choice as the 

	TR
	operating system for the IOCE replacement. Differences in 

	TR
	architecture, however, dictate the need for ge~eration of 

	TR
	changes to the VM software as well as the HAS Operational 

	TR
	software. The overriding consid~ration would be to limit the 

	TR
	amount of change that would be required to the NAS program. 
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	--1 
	Table
	TR
	VIRTUAL MACHINE FACILITY 

	MVS 
	MVS 
	DOS 
	NAS 
	VSl 



	Fixed MainStorage 
	J 

	--1 
	Pageable Main Storage 
	I 
	I 

	Storage 
	I I I 
	-) 
	I I 
	_....!.. 
	.. 
	.·VM ARCHITECTURE 
	FIGURE C-l. 
	24.. 
	Where possible, IIconmonll changes would be made to the VM/370 System Control Program. Changes to overcome instruction set differences between the two software systems would be accommodated in VM/370. The NAS program changes required are in the area of Operation Error Analysis Program, Configuration Control, Startup/Startover, and Input/Output operations. The specific changes are discussed below. 
	Software Changes to VM The initial set of changes would involve instruction set differences between the 9020 and System 370. These include: 
	, 
	Write Direct WRD Read Direct ROD Start I/O SlOP Move Words MVW Load Data Address LOA Delay DlY Insert Address Transl ator IATR Load Identity LI 
	Load PSBAR LPSB Set Configuration SCON Set ATR SATR Store PSBAR SPSB Set PCl SPCI 
	25.. 
	In some cases, the above 9020 unique instructions are not recognized by VM. In other cases, the OP code is a different instruction under VM. Changes to the above, however, can be reconciled wit'hin VM. Thejllodifications can be perfonned ' through changes to the microcode and operating philosophy of the base machine. The final design of the functional changes 
	..
	.. 
	would need be. detenmined in a separate activity• 
	It should be.noted 'that the VM/370 System Control Program is 
	a widely-used program supported through IBM central support . 
	.. "-.....----....: -.. ':. .,. -# 
	software maintenance on a .24 hour, 7 days a week basis. _This assistance at VM installations is required due to the complexity of the system control program. Deviations or modifications to VM/370 System Control Program, as a result of required NAS changes, would however, result in ..a non-standard system which 
	-. 
	would probably not be supported by IBM. In that case, the FAA ~ould be required to assume VM support responsibilities. Acoreof 
	. VM trained system progranmers could provide adequate ~upport ..to 
	. -. 
	the modified VM/370 System Control Program. It would be centrally 
	supported at the FAA Technical Center. 
	Software Changes to NAS IOCE Replacement and offloading of software will require modifications_to~the c~~r~nt NAS Enroute Operational Software. The'mod1'i1cationsarerequired, first, to provide compatibility between the 9020 system architecture and the VM/370 architecture. The instruction set differences addressed above are an example 
	........ . ....
	., 

	~ 
	of some of the compatibility modifications required. These. instruction set changes have been identified at the FAA Technical Center in NAS/VM experimental runs. Modifications were perfQrmed at the Technical Center to achieve a fonm of compatibi 1fty for t~~'p~~poses of the experimental runs. These modifications took the fonm of op code' changes, simulating the instruction and tie-off of functions. Final resolution of these compatibility modifications would have to be studied to. 
	· 26.. 
	,I 
	arrive at an optimum method or design ( software changes. microcode, etc.) to overcome the anomalies. 
	Other incompatibility changes that will entail changes to the NAS program are in the areas of: 
	a. 
	a. 
	a. 
	Operational Error Analysis Program (OEAP) 

	b. 
	b. 
	Configuration Control· 

	c. 
	c. 
	Startup/Startover 


	d. I/O Operatio~s 
	e. Data Tables Integrity 
	Operation Error Analysis Program (OEAP) contai-ns 'a significant· ~e'rror"'H logging and analysis function: that is used by VM to perform retries and to recover from intenmittent failures. Data relative to catastrophic failures is retained in a special purpose error logging storage for use in off-line-fault analysis. 
	'The IOCEReplacement'Processor: 
	1

	Error haridli'ng-within'the~ IOCE is' accomplished by VM. Upon­detection of an error the IOCE attempts instruction retry and data repair prior to generating a machine check interrupt to the CEs. Since the machine check interrupt is generated only if the IOCE has unsuccessfully attempted self correction, the interrupt is tantamount to declaring the IOCE is down and the syste~ must reconfigure and restart. Thus the present IOCE logout diagnostic capability in OEAP can be removed. 
	NAS 

	Conti gurati on Control 
	Configuration control of tape and disk I/O devices will be 
	shared between the IOCEs and CEs. 
	" 
	.. 
	-, 
	-. 
	.1 
	.. 
	, 27.. 
	Supervisory manual configuration and re-configuration of the system's rcus and DCUs would remain under control of the NAS monitor executing in the CEo During processing of supervisory messages calling for re-configuration of rcus and DCUs, the CE will initiate the actual configuration by direct control communication with the appropriate IOCE. When completed by the 
	IOCE, 'an indication is returned to the CE describing the results of the requ~st. ,,~ 
	Automatic re-configuration in response to an error condition is ~OCE. The result of the 
	performed by theNAS monitor in the 

	. . ... -. 
	reconfiguration is communicated to the appropriate CEs to update 
	system status data and report to supervisor positions. 
	Startup/Startover The startup of the proposed syst.em would remain essentially equivalent to the existing system~ 'Additional software coordination between CEs and IOCEs would be required to initialize VM andco~figure ~ppr~p~iat~ ~-TC'tJr~~'d ':D~us; The ~i~itfafization of IOCE related control data and data base would be perfonmed in the IOCE storage while CE related control data and data base would be perfonmed in the system storage. 
	Startover and recovery recording would necessarily be reorganized 
	to refJec~,.t~e..::s_pl:\~,~~tweel'l. ~1~.g.h.t :D~ta,,~~o~e~.s,ing (FOP) and 
	Radar Data Processing (RDP) startover requirements. Additional 
	startover software coordination and re-establishment of data 
	' ' 
	.

	bases from the recovery recording will be required when the system 
	9v,erall startover can be accomplished 
	is encountering an. outage.-
	o 

	in a time comparable to the current system. 
	Input/Outp'ut (I/O)Operations:~ ,::-~:', :. ope~ations m.ust be handled by the replacement IOCE in order to capitalize on the increased capacities of the IBM 4341. In this environment, input/output operations would be supervised in the 4341. This I/O processor operating under VM in the 4341 
	Monitor I/O 

	28.. 
	will handle all aspects of the I/O operations and communicate status back to the NAS monitor in the CE via a direct control protocol. 
	The I/O processor would communicate in a similar way with the NAS m~nitor running under VM in the 4341. VM would only simulate the direct control communications. This means that only one set of modifi.cations to the cOnlnon NAS monitor code would be needed to function in both the 9020 and the 4341 under VM. 
	• 
	The 1/0 processor perfonns the nonnal I/O functions in. moving .. 
	data between the devices and storage, be it 9020 SE or 4341 
	virtual storage. For data transfers to and from the 9020 SE, 
	all channels, except the block multiplexor channel, transfer 
	data directly "into or out .of~he 9020 SEe Due to the high 
	speed of the block multiplexor channel, the I/O processor 
	buffers this channel's data in the 4341 before transferring ~it.Thisbuffering prevents any channel overrun condition on 
	this channel. 
	In additi on to control 1ing all NAS I/O opera·tions, the 4341 would, a1~0 perfonm the processing associated.with the offloaded NAS functions (Option Aor Option B). Further, since VM has the capabilitY.to set up multiple virtual mach.ines,. each 'operating 9jJer~tin-9" 'system, ·it is possible toperfonn Dther, non-NAS, software tasks in the 4341 concurrent with .the NAS operation. 
	of course, 
	under_,its_. own. 

	Data Table Integrity 
	Relocating FOP or RDP functions and their related data base to the 
	IBM 4341 i,nvo1 yes the sharing of some conmon data base between the 
	IDCE.and tE_executed functions. The data tables unique to .the 
	software functions offloaded to the IOCE replacement will be 
	made resident in the IOCE. This. will minimize SE interaction and 
	~. 
	.. 

	-.. 
	.. 
	. 29. 
	allow the IOCE replacement to perform at its individual 
	speed. Relocation of non-unique data tables (i.e. access 
	required by both IOCE and CE resident subroutines) will be 
	dependent on the level. of activity. {required. High level 
	of activity wou)d predicate the non-unique data tables to 
	remain in SE storage. Access to these tables in the current 
	NAS system is, regulated..by locking concepts controlled by the 
	accessing CE/IOCE. Lower level of activity could dictate. relocation of the data tab1e(s") to the IOCE. Additional. application subprogram(s) wjl1 be required~o ensure data. table integrity in the ultimate mult~i-l~cat;on d,esign•... 
	3.. SYSTEM IMPACT Test and implementation of the IOCE Replacement must be accomp1ishedwi~h. a minimal impact on the on-going operations of the NAS Enroute Operational System. A transition plan 
	_would. have t~.b~. deveJop~d and approved minimizing the resources required and the inherent disruption to the on-going operation. har~warE! and software checkout would have to be accomplished at the FAA Technical Center. Key activities to be perfonned at the Technical Center include: 
	To achieve this, the initial 

	-Hardware test 9f the IBM, 4341 as an IOCErep1acement. 
	Ha~~~~re test of the total ha~dware sy~tem~ 
	-

	--';-"":--~=. -:-':.' .. ~~-~ :.:'::; ~ ......' .-~.: :-.. ." .;'., 
	. ,-' -..-'" .. 

	-Development and test of software modifications • 
	wit~ hardware configurations•. 
	-Integration and test of software modifications 

	-. Preparation' and veT,1fication of proi:e~ures for deployment to a test ARTCC. . 
	-Finalization and approval of Transition Plan. 
	30.. 
	The. above activities would be dependent on the following assumptions: 
	-The 9020C system at the FAA Technical Center is available. for initial hardware system test.. 
	-The 9020A system at the FAA Technical Center ;s dedicated to the laCE Replacement for initial system integration tests. Checkout of the deployment and transition procedures would be accomplished on this system. 
	..

	\"
	•
	-The Transition Plan for integration of the IOCE Replacement. would have to be approved prior to any testing at the. FAA Technical Center.. 
	The Transition Plan to be developed would have to address several areas: 
	a.. ARTCe OPERATION syst~m operation due to unavailability of the NAS automation system. This occurs twice during the IDCE replacement effort; when the first IOCE is removed from the system and the 4341 cabled in, and again when the remaining laCEs are physically replaced. At present, estimates of the length of .each period rangafrom eight hours to a maximum of 48 hours. The backup system would be used to control live traffic in these ·periods. Test efforts·at the Technical Center will be oriented toward mi
	The major impact to be considered is the disruption of 

	In the period following physical IDCE Replacement, the NAS. system. is available, but without IDCE or PAM redundancy.. During this phase of integration and testing, there is a. requirement for a daily system test.period of up to four. hours. These tests should be scheduled during low traffic. hours. Live traffic will be controlled manually during these. 
	test periods, but if required, the normal NAS automation system can be instantly reconfigured into operation. ,. The alJotted time is expected to vary between ARTCCs based each Center-'s~' un1que-traffic-flow and operational" . limitations. 
	on 

	.-.-.. 
	Another area of impact to field operations is the loss of laCE 'and "pAM redundancY--for'·'the duration of "the installation, 
	.-.. --­
	~ 
	.test, and commissioning time·period. The off-line 9020 Simplex feature would be"lost with the installation of~ .. the first :-replace"ment':'tOCEih' the redundant Simple'x. ~ 'The:': 
	#.-~ ..... • 
	length of time to integrate all.three new IOCEs could be from two to 12 weeks depending on the type of transition d~veloped and accepted. The approach will be detennined by: 
	approach 

	-Tota~ testing required. 
	-Certification requirements.­
	-Resources available. 
	-Operational restrictions and demands. 
	Figure C-2 indicates the various phases of IOCE Replacement 
	activity at each field.site. 
	b.. ARrCC RESOURCES SUPPORT The IOCE Replacement will physically fit within the 7231-02 floor space, so that upon completion of the retrofit, floor space ,'requirements will not be increased•. However, during the integration and checkout phase, approximately 200 square feet of additional floor space will have to be made available for each IOCE replacement unit~ In addition, technical support capability to install, integrate, operationally test and maintain the IDCE upgrade would have to be provided. 
	Figure
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	c.. FAA TECHNICAL CENTER SUPPORT The bulk of software and hardware integration testing would be perfonmed at the Technical Center on system configurations currently dedicated to other on-going NAS programs. As an example, dedication of the 9020A system to IOeE Replacement testing limits its use in the on-going maintenance and development of the NAS Enroute Operational Program. This results in a major change in operation for the AAT, AAF and ARC organizations who fully utilize the 9020A system today. Additio
	t­
	34.£'
	,; 
	ft.' 
	D.. RATIONAlE FOR IDCE REPLACEMENT 
	1.. OBJECTIVE. The overall objectives of providing an interim upgrade to the NAS. 9020 system configuration by substituting a modified IBM 4341. processor for the current 7231-02 IOCE are:. 
	.-1; 
	..;, 
	~ 
	!tit
	iw
	-Reduction of 9020 CE Load 
	't
	:, 
	.~ 
	,c
	:'~i 
	~.
	'··il
	Improvemen~ 
	Response 

	I~-' 
	~~ 
	-Provision of Discretionary Reserve The method of accomplishing the objectives is to exploit the capabilities of the IBM 4341 processor as a replacement IOeE. and 
	." 
	I 

	r 
	t 
	.:.
	to transport selected FDP and/or RDP software modules to execute :,.
	,.
	in the new lOCE. The selection criteria of the modules would 
	If(~ 

	~ 
	include frequency of execution, high CPU utilization, and low 
	t
	storage element. (SE) interconJ11unication. In addition to the 
	I

	~-",. .'. --.,.-•.•-..•. ~ 4L --.---•.-. -" ._ ....0 _r_ '-~'4"~ 4'~'_ 
	,.~
	t

	increased processing power and improved response, the software offload should result in a reserve potential for implementation of planned Air Traffic Control functions or features. 
	~ 

	;,
	,):.
	':.r. 
	i 
	2.. ADVANTAGES t-.Implementation of the IOCE Replacement proposal could provide ~ ..
	­
	.

	'­
	several operational and system advantages. The advantage potential..·. of the replacement would be determined by the amount of code \ (functions) and data (tables) that can be offloaded into the 4341 storage. Due to the great difference in storage speed between the current 7251 Storage Element and the 4341 machine the maximum gain in processing power can be achieved only by offloading program functions and associated tables to the 4341 processor. There are several optional groupings of t~at are prime candid
	functions and tables 

	35.. 
	Increased channel capacity can be achieved through IOCE Replacement. Each 4341 has two byte multiplexor and four block multiplexor channels available. twice the number of channels in the present! IOCE. The aggregate data rate of the present channels is 800kbytes/second. The aggregate data rate for the 4341 ~ytes/second. This capacity increase would relieve the channel saturation experienced at 90200 sites. The increased capacity and increased speeds •. however. cannot be fully realized using presently avail
	is 7m 

	3.. -OPTIONS 
	a.. CONSt~ERAT.I0NS The replacement of 9020 IOCEs with newer. higher speed 4341 processors and retaining the current operational software structure would probably result in an increase in NAS system perfonnance•. This would primarily result from the increase in device. channel and instruction processing speeds of the 4341. However. anY.J:onsideration given to replacement of IOCEs would have toconsider4-software offloading strategy that will provide a significant increase in system throughput 
	... and system response. The software off1oading strategy would have to be structured around program modules that reference ~_tatic portions of the global data base. See Section 3.b for estimates of software development costs for both options.
	a localized data base or 

	:.-' _.... :.. 
	•J. ; 
	signifi~ant mismatch in speed between the current IOCE/SE interface and the internal 4341 memory access speed. Requiring the higher speed 4341 to continually access data in the current SE configuration would slow the 4341 to the speed 
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	I (low level of data base inter-comrmmicat1on) GLOBAL DATA FDP RDP mDOLES (high level of data base ~ inter-comrmmi cation) JIT. ... 
	I. Most probable migration candidates 
	II. Possible migration cand1cl&tes 
	'. -­
	III. Least probable migration candidates 
	LEVELS OF INTERCOrV·1UNICATION 
	-·~:FIGURE';:D-2'. 
	39. 
	accomplished sequentially, however, the display channel output would be initiated from the IOCE as opposed to the CEo An additional application subprogram is required for coordinating radar processing functions between the IOCE and the CE/SE"~. -.The added complexity increases the risk in selecting Option B as well as increasing the cost. However, the potential in CPU capacity recovery is correspondingly 
	greater. 
	..­

	~.--......: 
	Since calculations of benefits derived from each software option are" based on-1975, system perfonnance data, it. should be under­
	:
	---

	::: ........... -:......;::.. 
	sf~od that~meaningful design -~onsideration".Mithregard to:·' offloading software, can only be made after a thorough analysis of the current field operational system is completed. Consequently, the two options presented should be viewed as offloading possibilities rather than recommended functional approaches. 
	The current HAS'operational'program-is functionally organized 
	-.. _.. 
	into 14 application subsystems: 
	1) Preliminary Processing (PREP) 
	2) Flight Data Processing (FOP) 
	3) Disc Storage Application (DAP) 
	~ 4) Route Convertion (RCS) 
	.. 

	5). Post Determination (POST)
	C" 
	..
	-. 
	6) Flight Status Alerts (FSAS) 
	.:) 
	7) Inquiry Processing (INQP) 
	8) Supervisory and Interfacility Outputs (SIOS) 
	9) Hardware Error Processing (HEP) 
	~. 
	40 •.
	T 

	10) Track Data P~ocessing (TOP) 
	11) Display Cbannel Outputs (DCO) 
	12) Real-Time Quality Control (RTQC) 
	13) Radar Processing and Tracking (RPAT) 
	14) Flight Plan Analysis (FPAS) 
	'With regard to flight plan processing, it should be-­recognized that the entire processing to be perfonmed on a single flight plan can fall into the realm of several of the above mentioned 14 subsystems. No one subsystem perfonms all of the processing on a single flight plan. 
	Opt·ions A and B reflect subsystems that are candidates,. either whole or in part, for migration into the new IDCE. They are independent of each other. 
	Broadly defined, Option A is that set of operational software functions and associated data tables which process flight plan rel~ted inputs and produce an internally useable flight plan
	.. -'.---_.. ,-... ~ '-"-"-' 
	. data base. Option B encompasses the software subsystems, in whole or in part, related to radar processing, tracking, and display output, in addftion to real time quality control of radar data. Figure 0-3 and 0-4 show functional relationships between Options A and B and the balance of the operational software system. It must be borne in mind that the inter­
	. connections._depicted do not show actual control or data lines between subsystems. 
	b.. OPTION A Option Awill migrate the following subsystems into the new IDCE. 
	1). Radar Preprocessing (Filtering) 
	.. 
	I
	OPTION A FUNCTIONAL DIAGRAM 
	OPTION A FUNCTIONAL DIAGRAM 
	.1 
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	OPTION B FUNCTIONAL DIAGRAM 
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	2) Preliminary Processing (PREP). 3) Flight Plan Processing (FPP). 4) Route Conversion (RCS).. 5) Posting Determination (POST). 6) Disk Storage Allocation (Partial) ( DAP). 
	Key considerations in this migration are that the data unique to the migrated functions resides in laCE storage and that principal flight plan processing:tables remain in SE storage. 
	The subsystems to undergo migration under Option A will be briefly explained in the following· sections. 
	1). Radar Preprocessing (Filtering) -This subsystem currently resides in the 9020 IOCEs. Its function is to perfonm: 
	-radar message identification -validity checking -rho-theta filtering 
	coordinate conversion -radar sort box detenmination -selective rejection -mode C pressure correction -compatibility between rho-theta filtering 
	and radar sort box assignments 
	44.. 
	2) 
	2) 
	2) 
	Preliminary Processing -The Preliminary Processing Subsystem perfonms startup and startover function, preliminary processing for all input messages, and table maintenance function required for various program communications tables and for the Flight Plan Index table. Preliminary processing is perfonmed by the following input device processing subprograms and subroutines: 
	., 

	TR
	PAS PCD peR POC SAC 
	POE PFD PIT PKO SAF 
	PNA PTa PTY SOC SAK 
	.• 

	TR
	SAD SAE 
	SAG SAH 
	SAM SAN 

	. 
	. 
	3) 
	..... ' r ..." ..; .. ... ~ Flight Plan Processing -The Flight Plan Processing Subsystem perfonms functional processing for the messages that build or modify flight plan data base. Functional processing of the flight-plan­related messages is performed by the following flight data message processing subprograms 

	TR
	DAM DOH DFA DFP 
	OHM DMP DPR DRF 
	DRS DSP DVZ 

	TR
	and by sUbroutines that provide for processing. These subroutines are,: 
	common 
	function 

	TR
	CRP LNM SCA SCB 
	SCG SCH SCJ SCK 
	SCR SCU SOD SDE 


	45.. 
	SCD SCM SDG seE seN SOU SCF SCP 
	,. -. 
	4). Route Conversion-The Route. Conversion Subsystem translates the route segments as received from the 
	... 
	Flight Plan Processing Subsystem into a series_of_ 
	-.. ­
	fixes that make up the route.-The programs 
	..... 
	-­

	currently being considered for migration are: 
	-.. 

	RAA RFL RPR. RAL RGS RRD. RAM RJJ RTD. RAP RKR SHA. RDP RPA STB. 
	5}. Posting Determination -The Posting Detenmination Subsystem recei.v.es .all the intermediate route records, with associated tables, for the completely, converted route of flight from the Route Conversion Subsystem. p~sting rules, the intermediate route records are transfonmed .into aircraft' route 
	Through the use of 

	~ ~.... 
	.. 
	-

	records and the associated tables are adjusted. Modules that are being considered for migration iri this sub­
	• ~_ ....... .. -:.._ ~ ::..,""'; I "-". : .... :........ ! _ .... "....,. ... 
	~_ _~ __.." ,_..~ '.' 
	system are.:. _. ._ ___ 

	PAM PLT PPS. PAP PJJ PRT. PAT PMO PSB. pcn PPD PTC. PTM. 
	" 
	6). Disk Storage Application -The Disk Storage Application Subsystem perfonms all functions necessary to establish, modify and maintain the integrity of the bulk storage file and the flight plan record file on disk storage devices. The subsystem performs all processing of 
	~ ­
	46. 
	bulK storage file maintenance messages. -The programs of this subsystem that are being considered for migration are: 
	DBC DDV. DBM SFC. DBS SIO. 
	Figure 0-5 is a ltst of the data tables that must be migrated along with all of the above mention~d programs. 
	c.. OPTION B Option B wi.ll mi grate -the following functi ons to the new IDCE. 
	1). Radar Preprocessing (Filtering) 
	2). Radar Processing and Automatic Tracking (RPAT) 
	3). Track Data Processing (TOP) 
	4). Display.Channel Outputs {DCD} 
	5). Real Time Qua1ity Control (RTQC) 
	Key considerations in this migration are that data unique 
	to the migrated functions must be resident in the IDCE 
	storage and shared data"will be resident in SE storage. 
	Filtered radar data will be communicated from one IOCE 
	to ,the other via SE storage. 
	A brief description-of the subsystem to be migrated under the Option B plan is as follows. 
	47~. 
	Option A -Tables Migrated 
	Option A -Tables Migrated 
	Option A -Tables Migrated 

	AR 
	AR 
	Airway Table 

	AS 
	AS 
	Adapted Line Segment Index Table 

	AZ 
	AZ 
	Aircarrier/Airtaxi Identification Table 

	BB 
	BB 
	B-line Table 

	BQ 
	BQ 
	Beaming S'errrlt.ive ARTS Coordination Reference Table 

	·'
	·'
	as 
	Recovery Recording~Begin/End Table 

	", 
	", 
	CB 
	Center Boundary Compo~;t;nn Table 

	TR
	CN 
	Coordination Fix Table 

	TR
	DO 
	Double-word Boundary Table 

	TR
	DZ 
	Disk Extents Table 

	TR
	EA 
	External Airport Table 

	TR
	EF 
	External Fix Table 

	TR
	FF 
	Fix Stratification Table' 

	TR
	GT 
	Geographic Trace COl1l11unications Table 

	TR
	JU 
	Junction Identification Table 

	TR
	-. 
	JV­
	Junctf("n-~ Pbf{nter Table 

	TR
	KK 
	Intermediate Route Table 

	TR
	LI 
	Line Segment Trace Table 

	TR
	MV 
	Mnemonic Device Table 

	TR
	NG 
	Preliminary Field Descriptor Table 

	TR
	PN 
	PDT Index Buffer Table 

	TR
	RD 
	Adapted~'Dir~ct Route Application Table 

	., 
	., 
	RI 
	A~titude-Tr1~s;ition' P~c-essor Interconmunication:Table 

	TR
	RO 
	Route Segment )nput Table 

	TR
	RV 
	Arrival Fix -Coordination Fix Array 

	TR
	RX 
	Bul~ File Record Control Data Table 

	TR
	Sl 
	S-line Table 

	TR
	SQ 
	Subroutine 510 Interface Table 

	TR
	SX 
	, 
	MSX Working Area Table 

	TR
	SZ 
	SID/STAR Table 

	TR
	TA 
	Airport/Fix Off Airway/Coded Route Table 

	TR
	TN 
	Transition Route Control Fix Table 

	TR
	TP 
	Transition Route Pointer Table 

	TR
	TS 
	Stereo Data Table 

	TR
	FIGURE 0-5 


	48. 
	48. 
	48. 

	1) 
	1) 
	Radar Preprocessing (Filtering) (RPP) -This 

	TR
	subsystem currently resides in the 9020 IDCE, 

	TR
	and is already described under Option A. 

	2) 
	2) 
	Radar Processing and Automatic Tracking (RPAT) -

	TR
	This subsystem processes all radar data that enters the 

	TR
	eec and performs all rad~r surveillance and automatic 

	TR
	tracking functions. The subprograms and subnoutines 

	TR
	to be migrated are.: 
	.. 

	TR
	RAT ReC ROE 

	TR
	RIN RRC RSL : 

	TR
	RTG RWD SOC 

	TR
	VRT RBC RBR 

	TR
	RFA RFM RML 

	TR
	SOW SFI SFl 

	TR
	SPF VBF 

	3) 
	3) 
	Track Data Processing (TDP)­-Track Data Processin9_ 

	TR
	perfonms functional processing for the messages that 

	TR
	build or modify the flight plan, track and/or the 

	TR
	display data base. The subprograms and subroutines 

	TR
	to be migrated are: 

	.. ­.-.. 
	.. ­.-.. 
	CBe :.:·.~QB.:_ ", ~ JQD 

	TR
	JQN JQP JQR 

	TR
	JQT JQU JTA 

	TR
	JTI JTU KSM 

	TR
	SCV.­-­SRA SRC 

	TR
	SRF SRG· SRN 

	TR
	KSI KSU 

	TR
	4) 
	Display Channel Outputs (DCO) -Display Channel Outputs 

	TR
	maintains track numbered displays and associated beacon 

	TR
	codes for R pasi ti ons, :generates outputs for all 

	TR
	displays and system status indicators at the R positions, 


	49.. 
	and perfo"nms all processing related to geographic map displays. The subprograms and subroutines to be migrated are: 
	5). Real Time Quality Control (RTQC) -This subsystem monitors the status and test messages received from each radar site, maintains radar data counts and 
	... ~ II ~ -• 
	signals error conditions. In addit~on, RTQC 
	"."
	. 
	calculates registration and collimation errors 
	."" 
	~~: 

	and. reassigns radar sort boxes in the event of radar 
	. ­
	fa;1ure and/or recovery. The subprograms and 
	subroutines to be migrated are: 
	RCA RFR RRA 
	RSO SOU 
	Flgure 0-6 is a list of the data tables that must be migrated along with the Option B subprograms and subroutines. 
	d.. OFFLOAD BENEFITS Present indications are that implementation of the new ~ill provide the following primary benefits: 
	IOCEs 

	Option A Option 8 -CCC Computer Capacity Recovered 10-15% 40-45~ 
	-SE Storage Words Recover~d 8SK 92K 
	As stated earlier, Option's A and Bare indepe-ndent of each other. 
	50.. 
	50.. 
	50.. 

	51.. 
	51.. 


	Option B -Table Migrated 
	Option B -Table Migrated 
	Option B -Table Migrated 

	AS 
	AS 
	ROAM Base Address Control Table 

	AL 
	AL 
	Altimeter Data Table 

	AM 
	AM 
	Altitude Display Filter Table 

	BE 
	BE 
	Beacon Code Array 

	BR 
	BR 
	-
	Weather/Strobe Fonmatting Control Table 

	BT 
	BT 
	Beacon Code Replacement Lists Array 

	BX 
	BX 
	Weather/Strobe Data Index Table 

	CM' 
	CM' 
	RTQC Correcttons Factors Table 

	eN 
	eN 
	Coordination F.ix Tab.le ' __ ", 

	CQ 
	CQ 
	Cat'egory/Function Corrmuni'cation Table 

	CS 
	CS 
	RTQC Communications Table 

	DH 
	DH 
	Radar Target Batching Table 

	OJ 
	OJ 
	Display.Data Avai,lability List Table 

	OM 
	OM 
	Selected Beacon Code DCC Addressing Table 

	ON 
	ON 
	Selected Beacon Code DCC Index Table 

	OW -""~' 
	OW -""~' 
	RDA Delete Control. Array "c' 

	FG 
	FG 
	Failed Radar Sort Box Table 

	GA 
	GA 
	Extended Sector Array 

	GB 
	GB 
	Sector Boundary Pairs Table 

	GC 
	GC 
	Extended Sector Boundary Table 

	GW~ 
	GW~ 
	Extended Sector Boundary Work Table 

	HA 
	HA 
	Radar Sort Box FPA Chain Array 

	HF 
	HF 
	Track-Numbered Display Table 

	HO 
	HO 
	Track Control/Display Table 

	HP 
	HP 
	Plan View Dispiay Table 

	HR 
	HR 
	Registration Data Table 

	IR 
	IR 
	Automatic Track Initiation Point Table 

	IT 
	IT 
	List Display Data Table 

	JA 
	JA 
	Radar Data -Counts Table 

	JB 
	JB 
	Beacon Test Message Table 

	JT 
	JT 
	IOCEP Pointer Table 

	JI 
	JI 
	CBC Request Table 

	IN 
	IN 
	PVD Constant Table 

	TR
	FIGURE 0-6 


	JO JR QA QE RG RM RQ RS 
	........ RT RTD RU RW SG SS TE TH TK TW WR WS WX 
	PVD Code List Table 
	RIN Beacon Code History Synchronization Table 
	Quick Action Key. Translation Table 
	Regi stration Error. and Constants Table 
	Radar Sort Box Table 
	Radar Simulation. Table 
	Correction/Tracking Radar Sort Box Table 
	. RSO Site Work Area Table 
	Radar Data Table. . 
	Dynamic Simulation Radar Data Table 
	Radar Site Data Table 
	: 
	Simulation Miscellaneous Table. 

	Simulation Radar. Sort Box Array 
	Strobe Mes'sage Display Table 
	Track Sort Box Index Array 
	Tracking Data Table -Part 2 
	Tracking Data .Table -Part 1 
	_Tracking Miscellaneous Table 
	...( ."~' .. ' ."-, ,. '."".,.... . ~ . ... 
	T~ble 
	Radar Formatting. Control 

	~eather Data Table 
	ROAM Radar Index. Table' 
	FIGURE 0-6. (continued). 
	52.. 
	In addition, some other gains that would be achieved are: 
	-Increased Availability for Additional Functions 
	-Increased CE Availability for Scheduled Maintenance '. 
	-Supports Configuration Options for Transition 
	Low Buffering for CE'Executed Functions 
	Calcula'tfons for storage and capa'city recovered are-ba-se"d" o,f. 1975 data. Storage recovery estimates are based on -the. Resource Buyback System and on Site Adapted Data for the. UDS., Capacity estimates are -based on "SYSTEM PERFORMANCE. ANALYSIS REPORT, SPAR 70" 10 October 1975.. 
	, 
	-," 
	SPAR 70 contains measurements relative to CPU utilization 
	-for the Houston ARTCe. Measurements include number of executions per minute and mean time per execution (in milliseconds) for each NAS Program Element. From these measurements the percent CPU utilization for each NAS Program Element was calculated as follows: 
	%_ .~P~/PE=. tE~~~l~~~E )TX .100 . 
	where: EPS = Executions per second per program element 
	MTS = Mean Time per Program Element Execution (msec) 
	The percent CPU utilization thus calculated can then be used to detenmine the total CPU utilization for the sample period as follows:­
	.." 
	, 
	Total %CPU = E (% CPU) k 
	.~·:I 
	·where: n = total number of Program Elements Executing during the sample period. 
	53. 
	In the case of the Houston ARTCC, total %CPU utilization was found to be 173.71%. This can be interpreted to mean that the NAS operational program required 1.73 computational pe~ se.cond of real time. Obviously these could only have been accomplished through the use of multiple compute elements. These measurements and calculations obtained from the Houston,ARTCC were used as a basis for estimating the CPU capacity saving that could be realized due to 
	seconds 

	offloading NAS program elements into the new IOCE ...
	,,' 

	",... f 
	As previously state~,_, the criterion used for a software offloading'strategy (Options A or B) was to select subsystems that logically shared aoomman purpose and given data bases. This was done. in order to minimize the new IOCE's accesses to main (SE) memory and, hopefully, minimize the number of programs that will require major modifications. 
	~.. " 
	~-T,he"algo~i-thm.used,~to .estimate CPU:,saving for .e,ach.option" is as follows: 
	-'-

	..,. 
	x 100 _
	Figure

	%CPU Savings = 1 _ TCPU -~, (PECPU)i 
	Figure

	TCPU where: TCPU =Total CPU Time as calculated from SPAR 70 (1.74 sec/sec) 
	." .
	PECPU = Program Element CPU times as derived from SPAR 70 (sec/sec) 
	n = Number of Program Elements in each Option 
	Main (SE) memory' sav'ing'was' estimated by surimin'g the number. of words for each program and table migrated to the new IOCE. ;;,. 
	See Appendix A for pertinent calculations.. 
	54. ~ ­
	E.. IMPLEMENTATION 
	1.. SEQUENCE Upgrade"of the field systems would be determined by order of need as determined by ATF-l. The initial testing of 4341 replacement units w~uld require hardware system test at the FAA Technical 
	--.. --Center. Software conversion and checkout would also be---accomplished at the FAA Technical Center. The software conversion and checkout would include checkout of instruction set differences. 
	In addition, a field deploymel')_t transition plan would be developed 
	~--_·_--_·-----and tested at the FAA Technical Center for eventual use at the---·. field sites. The sequence of field deployment would be 9020A. sites followed by the 90200 sites.. 
	The following major actions can be anti'cipated in the IOCE replacement effort: 
	Hardware 
	Detail design of 4341 laCE modifications Design verification and component release Component manufacture 4341 IOCE fabrication and factory test -Receive 4341 IOCE at FAA Technical Center Integrate with 9020 at FAA Technical Center System test at FAA Technical-Center 
	Software 
	NAS 
	change.,~ Code changes String test C~nter Site adaptation, integration Site test 
	Des_tgn 
	System test--FAA Technical 

	55.. 
	VM/370. Design changes. 
	-".. Code changes String test System test--FAA Technical Center Site adaptation, integration Site test 
	... Service engineer training Software engineering training 
	Education 
	", 

	Documentation. Hardware. Software. 
	2.. SCHEDULE 
	0° 
	A tentative' schedule for' implementation is shown in figure E-l. It indicates a time span of approximately 33 months from contract award until the first ARTCC would become operational. The schedule also assumes a site per month becoming operational thereafter. It is assumed that Option B could be accomplished in the same time frame. if substantial additional software resources were applied to the 
	... effort•. ­
	I' 
	3.. COST The cost of the replacement of the 10CEs at 20 centers plus provisions for two systems each at the Technical Center and at 
	. the FAA Academy is estima1B:f at $100.9 million for "0ption All . and $113.3 million for "0ption B." 
	A breakdown of the total cost estlmates is as follows: 
	1985.
	Fiscal Year 
	Fiscal Year 
	Fiscal Year 
	1982 
	1983 
	1984 

	Feasibility Analysis Development 
	Feasibility Analysis Development 
	A Contract Award A 
	/\ 
	/\

	Test and Evaluation Field Installation 
	Test and Evaluation Field Installation 
	(;, ( j ;:] . '., I. i' 
	A 

	) 
	) 


	I 
	1st site 
	~per. 
	I 
	~ , 
	1986 
	1986 
	1986 

	TR
	A 


	IoeE Replacement Schedule FIGURE E-l. 
	U1 
	.
	".

	.. •• f/J 
	~ " 
	58.. 
	Option. A Option B 
	Hardware Cost $62.6M $62.6M Development Cost 16.8M 25.8M Initial Site Costs 12.5M 12.5M Technical Center Costs 9.0M 12.4M Total Costs $100.9M $113.3M CCC Computer Capacity Recovered 10-15% 40-45% 
	'. '. 
	...

	a.. HARDWARE COST The total IBM har~ware costs will be the cost of 24 complete systems: 20 (Centers) and two (FAA Academy) and two (FAA ~ Technical Center). Each of these complete systems requires the hardware units 'in the quantities indicated in table E-l. The cost ofa modified 4341 IOCE is estimated at SOOK. The cost of the basic IBM 4341 is $350K. The additional cost is for the hardware modifications to the basic IBM 4341 to 
	~ .. 
	perform the functions of the IOCE, and any hardware modifications b~ necessary to work with the an~ tapes. 
	... 
	to other system units which might 
	modified 4341 or the higher speed/capacity disks 

	Table. E-1: Hardware Cost Breakdown Per System' assumed configuration) 
	Quantity Model Description Unit Cost Extended Cost "~'." 
	-

	, 
	..

	'­3 IBM 3830 Disc Control Unit $70K $210K. 12 IBM 33S0 Disc Drive $40K $480K. 3 IBM 3803 Tape Control Unit $40K $120K. 12 IBM 3420 Tape Deck $25K $300K. 3 IBM 4341 IOCE $SOOK $IS00K. Total per system $2610K. Cost of 24 systems $62.6M. 
	,.-
	-

	b.. DEVELOPMENT COST The development costs are compo$ed of one-time contract engineering changes for hardware and software development 
	Figure
	59.. 
	and initial site installation charges. Table E-2 shows. the development costs for Option A and Option B.. 
	The. software development costs for Option A"were derived 
	",--­
	-.

	from the migration of 77.000 program words and 11.000. table words for a total of 88,000 words. For Option B. there are 30,000 program words and 62,000 table words,. for-a-totalof 92,000' ·words. However, the' effort of. migrating the code for Option'S is much more complex. than for Option A. Therefore, the cost of accomplishing. Option B i's~s';gnificantly high1r;:-than the cost:· -of--'-:­.accomplishing Option A.. 
	The i.nstallation costs are estimated at $200K per site.. ins~allation team at a. 
	This figure assumes a five man 

	'-"'­
	site for one month. 
	site for one month. 
	-­

	.­
	~ost Breakdown 
	Table E-2: Development 

	Option A Option B 
	Engineering Charges. Hardware -$3M $3M. -$9M . $18M.
	So!'tware."1 
	-~ _.....--.---$4.8M~~···
	-.$4.8M 
	-

	Installation Costs. Total $16.8M $25.8M. 
	c.. INITIAL SITE COSTS The initial site cost is composed of one-time charges for site preparation, start-up maintenance, and training. A breakdown of these costs are shown in Table E-3. 
	The site preparation costs are broken down on a per site basis, of$30K to modify the environmental system (humidification. ventilation, and air conditioning) and $5K to modify the 
	60.. 
	,­
	... 
	L_ ._.~ ..;. 
	d. 
	electrical power and grounding. Thus, there is a cost of $35K for each of 23 installations. 
	The·start-up maintenance costs include the cost of initial spares at each center and the academy and the cost of and'~ocumentation updates at ~ The initia" spare costs are estimated at 10 percent 'of the, hardware cost ~f' each, site, andthein'iti'al Depot costs" are estimated .at' <16 percent of the hardware cost' at one site. There is no start-up maintenance cost at' th~ Technical Center. The spares are provided under the IBM support contract already in existence. 
	developing a repair test bed 
	the Depot•.

	The training costs are based on training 46 Airway 
	Facilitiesp~rsonn~l frbM each center and 75 personnel 
	from the AcademY and Technical Center for a period of 
	10 weeks. The 'cost is estimated to be $250K per site for 
	·-·~2,2 sites:~c~c ;",,: ..~,:;,:.;~:;,;::.-;-~ ~.--.i·~. ·~'.··i~;; ;',; ._." '-­
	Table E-3: . Breakdown of Initial Site Cost 
	Option A Option B 
	Site· Preparation ,~Ma'1ntenance~Cost?~-::~;': :~;~,; 
	Site· Preparation ,~Ma'1ntenance~Cost?~-::~;': :~;~,; 
	Site· Preparation ,~Ma'1ntenance~Cost?~-::~;': :~;~,; 
	~,.:. 
	~c.·s"C -; :-!~: 
	.8M '6.2M 
	.8M 6.2M--" 
	.. :"~ 
	~. 
	;' 

	Training Total 
	Training Total 
	5.5M $12.5M 
	5.5M $12.5M 


	' TECHNICAL",CENTER COST ' 
	The Technical Center costs are composed of manpower charges for project personnel and direct support personnel. The project personnel would be involved with fea'sibility analysis, contract technical administration, test and evaluation, and 
	f)eld support during implementation. The direct support 
	61.. 
	*Numbers in parenthesis ( ) represent requirements if Option B is selected.. 
	62.. 
	F. 
	F. 
	F. 
	SUMMARY 

	TR
	Technical Analysis of the IOCE Replacement philosophy indicates 

	TR
	-_a potential improvement in NAS system operation in the following 

	TR
	specific areas: 
	-.' 
	--. 
	-",. 

	TR
	-Reduced CE Load 
	-Increased processing capabilities of 

	TR
	10-15% for Option A and up 
	to 40% for Option B. 
	Options A 

	TR
	and 8 are stand alone software strategies and 
	can 
	be implemented 

	TR
	independently. While the yi~ld of Option B (40%) is significantly greater, the implementation effort and risk are also signiyicantly 
	.' 

	TR
	greater. 

	TR
	.. 

	TR
	-Increased Channel 
	Capacity 
	-Channel capacity can 
	be doubled 

	TR
	with a potential aggregate data rate increase of ten: times 

	TR
	the present I/O-data rate. 

	l" 
	l" 
	System Reserve 
	-Offloading of software modules for processing 

	TR
	"-~-i-n 
	the IOCE Replacement unitiwill provide a potential 
	reserve 

	TR
	for implementation. of new 
	NAS System 3unctions (ETABS,.DABS, 

	TR
	etc). 
	The extent of the reserve would depend 
	on 
	the:software 

	TR
	strategy chosen (Option A or B) 
	and the results of an 
	additional 

	TR
	study to calculate the effect of the migrated software features. 

	TR
	.. 
	Schedule and cost estimates can, 
	at this point, be only rough calculations 

	TR
	.-based on assumptions. 
	Preliminary costing would indicate a cost in the 

	TR
	neighborhood of $100 million for acceptance and implementation of Option 

	TR
	A. 
	Due 
	to increased complexity', and risk, Option B costs would -be 

	TR
	approximately $115 million. 
	Time estimates range from 30-36 months 

	TR
	from implementaiton at first site to 50 months for total implementation • 

	TR
	• r 


	Table
	TR
	63. 

	APPENDIX A 
	APPENDIX A 

	Option A Offloaded~,~Tab 1es 
	Option A Offloaded~,~Tab 1es 

	Name 
	Name 
	Words Per Entry 
	Number of Entries 
	Fixed 
	Size (words)Site Adapt. Yare 

	....~ L~·, .. ­.,' .. ( 1 
	....~ L~·, .. ­.,' .. ( 1 
	. 
	AR AS AZ SB BQ BS CB CN DO DZ EA EF FF GT JU JV KK LI MV NG PN RD RI RQ RV RX · SL SQ·SX SZ TA TN TP TS 
	~ :~r. 
	3 1'.-=;~ 1 1 1 3 1 1 1 20 3 1 1 7 1 1 9 9 3 1 1 5 4 Jz 11 2 S 300 1 2 2 1 3 
	;~~ -
	_338 ~:24 '-~ 35 = 5 40 . 1 ­127 '~' 55G-,_: 1 50 14, 36 15211 ;~~ 142 '71 550 oU" 2 n 328 550 ' 121 15 1 48 . 1 15:~ 1_ 1 39 104 42 43· .1. 
	3 7 550 121 4 685 
	1014 24 35 5 40 127­550 1 1000 42 36 1531 7 145 73 4950 KKOverlay 984 75 KK Overlay24 N/A30 N/AN/A39 208 84 43 N/A11060 

	TR
	hi" f·\,.' 
	i ~-. .... -
	_ ..LL. 

	TR
	Total 11,745 Words for Table Migration . Total 77,255 Words for Program MigrationBased on RBB Development Plan 1975 Site Adapted Data:';. Based on UDS Total Words Migrated (Programs and Tables) = 88,000 Words 


	Option "A" 
	Option "A" 
	Option "A" 
	Programs 

	Percent CPU Utilization 
	Percent CPU Utilization 

	poe 
	poe 
	. .. ---­......_.-._----.-."­
	o. 710 -~~ 

	DUZ 
	DUZ 
	13.268 

	-CAM. 
	-CAM. 
	1.295 

	~·DDM 
	~·DDM 
	0.656 

	-DFP 
	-DFP 
	1.327 

	2DRS 
	2DRS 
	--­
	0.357 

	4~'PDE 
	4~'PDE 
	t'? ~~ 
	-

	2.013 
	.. 

	PAS 
	PAS 
	1.101 

	.~ PNA 
	.~ PNA 
	.. 
	0.642 

	". 
	". 
	peE 
	1.019 

	TR
	~·PTY 
	0.273 

	TR
	20.648 
	= 
	.206 "Sec/Sec 


	,. 
	,. 
	,. 
	• 

	TR
	~
	-

	. -­~ ~~~~-.
	-


	TR
	_.­,'". -.,.-""':' 
	. \ ........ r--~ ..... 
	.­w':" 
	.... "'! 
	-. _­,..." -_ 0'"'' • ". ~ 


	• ........ ....,.~.. .....:... ~. i: _ .. II' ......... ~ "--~ • "_-: .. Ii" • _ .,.. 
	Total CPU. Utilization 173.71 = 1.74 Sec/Sec Savings Due to Offloading 
	1 -1.74-.206) x l(lO =11.83%
	( 
	1.74 Based on SPAR 70 available data 
	"65.. 
	66.. 
	Option B (Continued). Offloaded Tables. 
	Si'ze (words) ." Site No. Words No. AdaptName Per Entry Entries Fixed Yare 
	IR1 60 60 
	IT 6 320 1970 
	JA6 60 380 
	~ 

	JB3 100 300
	J,r'
	r: 

	JT 2 200 400 JI9 50 450 IN2 15 30 JQ43 12 516 
	.....
	JR 30 260 
	DA15 115 
	QE 1 339339 RG 1 1394 1394 RM 1500 RQ 1 1394 1394 RS 80 12 960 RT 7 1210 8470 RTD 7 100 700 
	:4. 
	RU
	22 
	13 
	286

	r_ 
	RW 8 1 8 
	SG ~ 1394 349 554 100 400 TE ~ 1470 735 TH 9 700 6300 TK9 700 6300 TW22 122 WR2 14 28 
	WS3 100 300 
	..... 
	WX1 364 364 
	00 
	-10
	• 

	Subtotal 1012 33008 
	1-1

	co_ 
	N-n 
	~~ Total (first and second 
	} 

	lJ­
	pages of Option B) 5008 57150 
	0""-1
	0(1)(1)
	0"'C n
	N-::r
	O)~:::S 
	(1) -­
	co 

	~3g 
	(1)­
	:::s»
	r+:::s Total 62,158 Words for Table Migration 
	Q) 
	-< Total 29,845 Words for Program Migration
	(J)
	in-Based on RBB Development Plan .... 1975 0Site Adapted Data Based on UDS m Total Words Migrated (Programs an~ Table~ 92,000 Words 
	0
	0 

	Option "B" 
	Option "B" 
	Option "B" 
	Programs 

	~>. L .. ~,_._
	~>. L .. ~,_._
	-

	RAT RFA .. -. RSL RTG RRA RSO CRJ HCI7......... ,­-­, HHM''';:: -,­c HRD HTI. HTM RDA CBC -JQB JGN JQP JQR JQU JTA JTI -·JTU 
	4.638 -·-=3.697­1.414 8.471 0.702 -'0.519 3.394 0.934 4~29i <. 0.196 22.496 . 0.732 12~196 2.386 0.277 2.573 0.297 0.355 0.561 0.299 0.244 0.466 71.499 =715 Sec/Sec _ ..J 

	I 
	I 

	TR
	Tot~l CPU utilization 173.71 = 1.74 sec/sec -.' . . -Saving due to offloading €-1.7~.74·715) x 100 =41.09% 

	TR
	Based 
	on 
	SPAR 70 available data 


	.:.~ 
	Inquiry ProcessingSupervisory and Interfacflity Outputs Fl ight':Status Alerts 
	Displag. Channel Outputs
	1 
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