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@ ; SR  Abstract ' . L
N The IBM 5100 Portable Computer is an examplc of a new ap-

proach to product development for IBM, and of a new level of

miniaturization for computers. Rather than design all the compo~

nents of the 5100, tle development team used existing components
wherever possible, This method extended to the language level,
as illustratei by the APL implementation, and is responsible for
" a '50% saviags of Jdevelopment time. ‘The new Field Effect Tran-
sistor Read Only Memory (FET ROM) with 48K bits per chip allowed
'ur to 246K bytes of storage in the desk top unit. This permitted
implementing APL and BASIC and made large program areas possible.:
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. computer language in the United States. Second, the storage = -
" media was changed from the.audio-type cassette tape to the new
Gata cartridge tape which offered improved reliability, and
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XN’Z‘RODUCT!ON

In Septemher 1975, 1BM cnt.red the mu. desk top comp xter
marketplace with the 5100 Portable Computer. This compiter was.

. made available worldwide in April 1976, Ths 5100 represents a
- new approach for IBM., . Prom % very small developazent team to its:

dedicated sales force, the techniques used were naw to IEM, Ong
of the most eignificant breaks frow :the IBM tradition was the -
integration approach to development. - Instead of having a large.
development group designing all. the 5100 components, a relativily
small team developed ‘most of.the 5100 from existing IBM compo= ’
nents., The implementaticn of the APL programming language 10 a
p:ime oxample of this new developuent npproach. o

" The 5100 alsd represents a new level of miniaturization: at
electronic components. The new 48K bits per chip Fisld Effect

“Transistor Read Only Memory (PET ROM) permitted memory capacities

praviously unavailable in a desk top computer. Ags you may know,
the 5100 has a maximum capacity of 248X of memory. Without this
zize memory, the 5100 could not have accommodated APL and BASIC
on the same machirie or allowed the 64K storaqn meded for tan
mOrY. complex user proqnms. )

5100 Dtvamvm:m'
The 5100 uartod as an Mu of an’ zm «mqinur. na And

“another. 18M engineer developed the idea and presénted it to

personnel at IBN's General Systems Division Headquarters in

' Atlanta, Gaorgii.. This resulted in the design of a prototype..

The prototype suppotted the APL unquaqu and used an sudio-type -
cassatte tape as its permanent storage media. The APL used on

the prototype was oriqinany ‘jmplemented on ‘the I18M 1130 Conput.r.;
An 1130 emulator was written in the native microlanguage of the -
prototype. The ruccess of the ptototypc ud to the exuuon o! .
5100 davelopnent team ln lg&o 1973, .

'noo significant duhrhucu in tha pwwtypn duign were i -

' ‘introduced at the outzet. of development. FPirst,.the BASIC. lans

guage was added because of its popularity as &n interactive .

greater speed and capacity.  Although neot part of the ortqlnéi A
prototype, a hard copy unit and communications capabiliti-.a wers

.always:in the plan. The hard copy unit seleécted was the matrix

printer already used on the IBM Lystem/32 and the 3740 Data Entry
System because it was fast, reliable, and available. The last
change made in the design plan was to go from the two 1130 imples .
mentations of APL already gxanined to t.he versicu used on tm Ilm
Sy:teu/.’nu, known u APLSV T X : .
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The only hardware specially designed for the 5100 is the
power supply and the covers. The kayboard is a standard 1BM
solid state keyboard used in System/32 and the 3740. . The read/
write memory is used in IBM System/370 and System/32. Other than
improved density, the Read Only Memory- (ROM) is the same techs=
. nology as. used.in the 31740, Most of the other components were . -
developed for other IBM products and used on the 5100 without
modifxcatxon.

Because of this large number of existing t:mponenta used In
‘the 5100, the development team only designed interface logic and
wrote code. - This code was written in microcode for device sup~
port and emulators or the hiqhetnlevel code that was being
emulated. .

Emulators were ‘required because ot the three-level Architec-

ture used in the 5100 for language support. Rather than writing

the language interpreters directly in microcode, a more eificient
use of memory was possible 1f an intermediate 1anquaqe.wa¢ used.

The original plan was to use the most popular.vercion of the
1130 APL implementation that was used in the prototype. - This had
the advantage of being able to use the 1130 emulator from the
- prototype. - Because of the limited memory on the 113¢, an overlay
" technique ‘was used in which pages of code, about 150 instructions
each, were brought in from disk when the routine in that page was
to be executed. This is similar to the hardware virtual storage
‘concept, :'The plan was to bring the pages from the dense. 48K bit
ROM instead of disk.

Later; this version had been rejected and replaced with

ahother 1130 APL. The new version contained rmany more of the new

- functions of APL. This version--which also used an overlay
‘technique with page sizes up to 300 instructions--was studied tor
" several months, Later, it was rejected because the overlay :
routines required too much time and. the overlay pages cut too
deeply into the available user storage. . It also required modi~-
fications for improving the numeric precision and for adding the
latest APL System variables and System FLn:tions.

‘At this time, one of the team members. intrcduced the idea of

‘usxng the 184 System/370 version of APu called APLSV. This
version had-a significant number of advantages over the- 1130
‘APLs, It was the latest version with all the latest APL language

“features and. functions. . It had 15 digits of numerical precision
vs six in the 1130 versions.. It had an extensive input/output
subsystem which was not available in the early APL systems. And

most sxgnxfxcantly, it was the most widely used and tested
version of ‘APL in IBM. The one drawback was.the lack of a 370

-emulacor‘for which there was only 12K executable ROM left.
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In late June 1974, the dwclomnz tean: undéertook the formi~
dabh task of writing an emulator and the necessary higher-level

. code to interface the 370 APL interpreter with the 5100 keyboard
- display, tape and printer. To date, the finished euulntor has

remained error free and uses less than 10K of lum.
" There were three uajor intcrlaca routinec:

a. A supetvisor ‘that interfaced to the koyhﬂcrd and dis-
o played ‘like a terminal. It also pcraltted utang the ptintl'
- as'a hard copy - ot the display.

b. A command processor that -upportcd the APL program =
xibraty command: like SAVE and LOAD for the tape cartridge.

¢. - An tnpnt/output processor that allovn the APL programs
. mer to use the tape and pante: au tndepandent devices undc
program cOntzols. ‘

‘The initial work was. coapletad by Deccnber 1974, Through
three people‘'s effort, the APL system was running in only six
montha; a task that normally takes considerably more time, ' Fina

- testing and ROM manufacture was completed. in less than a year. -
. Because we had a ‘known .system to test against, the emulator was

80 effactively debuqqed no errors have been found ltncn eatly

1975 whcn final teltlnq was completed.

In addition to greatly reducing the tine and manpower requd

k ments, the technique of using already eximsiing code yielded a

cleaner and a more compatible product. The only differences

. batween the 5100 version uf APL and APL on the System/370 ware  ,

the portions dependent 'on the input/output devices, display vs
typewriter, and tape vs direct access devicel.

) 5100 ARCHITECTURB

There are. threc types of stotaqs xn the Sloo: read/write
and two ROMs. ~All of ‘these nemories are Metal On Silicon Pield:
Effect Transistor (MOS FET) targe Scale Integration (LSI) chips,
The read/write is the same as that used in the System/32 and sos

“models of the System/370. It serves a dual purpose as registers
"~ for the: micropracessot and enulatora, and storaqe for user .

programs;

L5 The neweat ROM 1: the den-c. lBR bitu per chip storage uho@
for the APL and BASIC interpreters..  This storage contains tra
intermediate language instructions. In the ¢ase of APL, these -

‘are ‘System/370~}ike instructions. This storage is accessed by .

the emulators for each intermediate Ianquage as if xt was. a
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direct access storaga device xacher than like memory. . The other
ROM is not as dense, but is high speed allowing micrainstructions .
to be executed directly out of . it. This storage is used for tine.
two-emulators, the input/output device support code and the
input/output supervisor. .

. storaqe represents the majority of the/electrOnics in tho
5100. The remaining electronics form the microprocessor and
input/output device support cards,  There is a display card, an
1/0 ucntrol card and external device cards.

The nonexecutable ROM is also attached through the 1/0 "
adapter, . This causes it to be accessed like an 1/0 device using
a GET microinmstruction rather than: through a storage address
register. - Tha data and instructions in read/write memory and
executable ROM are.. fetched usinq a- storage addresa registsr in
the microprocessor, :

The microprocessor ie a fast two-chip 8-bit processor. - It
has 49 16-bit microinstructions and can operate on: four intexrupt
levels. The levels are prioritized in this order: 1) Keyboard;
2) Tape and Printer; 3) Communications and Serial I/0; 4) Normal
Operations. The display operates using cycle steals to fetch two
chardcters from the display buffer in memory.

The nxcroprccessor can’ fetch instructions from either execuc-

able ROM or read/write storage via a 16-bit (plus 2 bits of
parity) data path. This allows features like Serial 1/0 and .
Communications to have their 'supporting microcode in read/write
memory. It al.o makes possible the patch capability which allows
changes to the logic flow by superceding porticns of ROM instruc-
tions with xnsfructions in read/write scoraqe. .

.~ The interrupt levels allow each set of 1/0 adapters to use.
the microprocessor on a-demand basis. In the low add-esses of
read/write memory, there are four setv of sixteen 16-bit regis-
ters, one for each interrupt level.  Unless masked, control is
given to the highest level interrupt pending at :he end of exe-
‘cuting the current microinstruction.

The display ‘also has a 16-bit (plus 2 bits o! parity) data
path from read/write storage to the display logic. The display
operates in two modes. In the NORMAL mode, data is fetched via -
cycle steals from the display buffer and displayed as character
data., In REGISTERS mode, the:data is fetched from the micro-
processor. regiater area, converted to hexadecimal (base 16, 0~9,
A-F) and displayed- for diagnostic use, : :
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. The 1npnt/output adapter 1: accessed by uainq nicroinuttuc-
tions. It has an 8-bit (plus 1 parity bit) data path,. Thll '
smaller data path was used because of the relatively lower.
performance requirements. This adapter is not only used to
access the nonexecutable ROM, but 111 the other I/O devices.

The two 5100 features not -yet mentiuned are the COnuunica-.
tions Feature and the Serial 1/0 Adapter Feature. The Communi-
cations Peature causes the 5100 to. function like a standard. -
asynchronous terminal to a remote system. Muwever, it has local
editing support and the tape cartridge can be used to store
results from or s.1d input to the remote system. This makes it
superior to a eimple typewriter terminal. Results stored on. the

-data cartridge can subsequently be used" locally by APIL or BASIC

programl on tho £100.-

The Serial 1/0 Adapter reatura allows the uset to attach
many peripheral devices to ‘the 5100 such . as -plotters, display
screens, csrd readers, and printera. This feature allows a

< standard P..232C.serial channel, like a tape unit, The character-

istics of thiz channel cin be .configured to suit the device being

" attached. The user can alter such parameters as line rate,

parity, and code, which providet a qreat tanqe in the devices .

© that can be attachszd,

CONCLUSIONS

The IBM 5100 has contributed tuo devclopncntu to the data
processing industry. It has achieved a new ievel of storage

“provided in a .desk top, portable computer and it has demonstrated

that the technique of using.existing components can be extended
from hardware to proqramming with the same kind ef developnent

time savinq-..
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