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Hewlett Packard 33532 Cas Chromatograph Systam to HP 3000 Link

(Micro Proce=sznr Commubnlestion Link for Daka Collection)

A cormunioation link has been eatablished from an HP 33520 Gag
Chromatograph Data System and an BF 3000{X. Thia link allows aclen-
tists and techniciane running Gas Chromatographs to agtometicslly

tranafer thely data to a 3000 Disc file.

The purpoae of thi= paper is to describe the hardware/software
probleme whigh were sncountered and our gsolutlons to those probleme.
of particular interast ia the fart that & "link controller” Lased on g

microprocessor was designed and copgtructed to intarface the two

systems.
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In December, 1975, the Sclentific Systems Development section
of Rorwich Fharmacal Company launched a Lahoratory Auntomatfion
prodect Wnich was to aid the Company in 1tg Drus Beseerch and
Development activities. Thias ocommitment te computers in the labe
cratory came ag & result of an extensive eurvey and plapning periaed
which alosely involved all persons who were potential uzars of the
EVB8tem.

The ovarall configuration which wae gelsctad 2 Satisfy the
diverae needes is ehowvm in Fig. 1 and is composed of three separate
Hawlatt Packard aystemsa,

The firat system, designated as the host, is the HF 3000. The
configuration for this sygtem ineludes: 49 memory, two 7905 diaca
drives, card readey, line printaer and the R.J.E. subeyatem. The
Fupction of this system ia to provide time sharing service to users
in the Reeearch Center rumnipy g mix of BASTC, FORTRAN, EDITOR,
assorted data entry programa, ligited Inage/Cuery applicaticnz and
remate job entry to an IBM 370/145.

The second system is an HP 3600 coupled to the 3000 using the
Peocranmmable Controller subsyetem. Thia confiquretlon includes:
21X with 32K of memory, 32 channel Analog/Digital converter, paper
tape reader, and an asgcrtment of digital interface capds, The
purpese of this system is to autcmate 12 analytical inetriments
{Autor~analyzera, Coulter countere, epectrophctometers, eleptronic

balance, Differential Scanning Calorimeter apd CHN Elementsl
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inalyzer). Programe to aupport these varlows imnstrnments are pre-
gently bBeing wrltten by 55D persontel.

The third systam is the HP 3332 Gax Chromatooraph Data Syetem.
Thiz "kurnkey' system consists of 4 2LME with 32K of memory, paper
tape reader, five terminala for reports and twelwe hnalog/Digltal
ecxlulea reguired to attach a3z many instruments, The purpose of
this system Was to sutomabe the time consuming task of data analyeie
for a specific group of analytical inatrumente. This group in-
pludes gas chromatographs, Liguld cheosmetographs and aspectrodensi-
trmeterg. The software as prowided My HE oollects data from each
ingtvpment and anplyzez that daks (1.e. integrates pesks, performs
bhpapeline screectliong, and caloglates consentrationz}. The 335832
gystem then outputs & finel report which identifies the peaks and
indicates their retenticn time, area and concentration.

The vendor software does not provide a convenlent way to man-
Irulate data beyond the £inal report phase. This Ls in pert due to
the diverse needs of the many usera. 3ince the 3000 could provide
thiz capabllity, it waz declded +o perform these additional ecalow=-
tations using that system.

This paper deals primarily with the link which was established

from the 3352 to the 2MHIG o make these additicnal manipulatione

possible.
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GROUND RULES OR RESTRALINTS

Dpe fto the problems encountered whes one atterpte to modify
axisting vendor scftware, it was dacided that we would avoid
makirng amy changes to the present syseen softwara. On the G0 DRER
Syatem, wa would have to w9s a single user BASIC interpreter to
handle the tranefer of date out of that system. Fer tha 3000, we
wolld use present existing system software apd FORTRAY to handle
data entering the system through the ssynchronous terminal multiplexsr.

S8ince the 3352 BRSTIC can process data for only one GO orun at
a time [other requests are guevad ap), the transfer of data would
have to be az fast as possible to minimizZe any delay in the otart
of a new instrument mm. One other preblem which we encounterad
wos that the aingle user BRSIC would not allow us to perform
Inputs/output o mare than one =erisl devies, It did, however,
permit the uge of parallel interfaces defined az paper tape reader
and punch.

Since the link would be terminated uging ¢me of the malti-
plexer ports on tha 3000, it would be necessary that we programatfi—
cally define the link as a "data device™. ¢nce the dats had bsen

antered and stored on the J000, it would have te be convenisntly

Available to all users immediately after the termination of that
partismlar an.
Zince the file gpaca on the I is limiked, 1t was decided

that the dats wauld remain available for a limited gperiod of tima

{7 daya) after which it would be auntomatically purged.
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The last reguirement was that, if a problem develope or main-

tenznee be reyulred on elther goystem, the other should continae Lo

opearate albeit witheut transfer cepebilities. For the 3352 this
meant that if the 3000 was not available gas chiromatogrephic data

analysis could continue ¢ be performed withoub suidmetis atorage

of the generated data.

SYSTHEM DESCRIPTION

Flgure 2 showe a kloek diagram of the ldnk and will be helpful
in deseribing data flew during transfer cperations. The link con—
traller ghown in the diagram performe a momber of functiond:

1 Copverts data fypom parallel to sexlsel and eerlal to

parallel format.

2] Buffera an entire record betwean the two computers.

3} Monltare current status of tha 2000,

d} Haintaine aynchronization between the two systems.

This controller has been implemented wlth state of the art
technology. ‘The heart of the controller is a microprocessor with
capabllities similar to many amall computera. Amazingly, the cost
of this device itself is only asbout 20 dellars. OCOther components
ip the contyoller incrsazse the total cost scmewhat. The micro-
pracesscr approach is etill coet effectlwve due to the Flewibility
agquired through ite uae.

The need for the controller may be more obvious to thoss who
hawve tried to enter data through z multiplexer pord £rom a peri=

pheral dewice. EBefore gepding dats 0 a 3000, the device mast
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gnsura that the 3000 15 ready to recelve data, This requires at a
minimam that the device File be opened and that & "RERD" operstions
ke pending at that particular pomant. The time regquired to perform
thege operaticns la influenced by system ioading. When epesd is
esgentipl, uhnecaeasarily long delays are undeairalle, One feature
of the multiplexer which we were able to make uve of is the auto-
matic trangmisglon of a "ODC1" whan the 3000 iB ready to accept
data. This partirnlar seguence 1g usad to tripger 2640 type ter-
minale. We have uged 1t o indlcate & 2000 ready-to-reacaive status.

In #n idle stata, t££ controlley maintaing synchronizetion
with the 3004 by sati=zfying the pending read every fiftesn seconde.
The controller then waits for a new "BC1l" from the 3000. This idle
polling sequence allpwa the Fortran/3000 srodgram to periodically
check a flag file {(ewery eiuty seconfsl. If it fipdz this flag
"sat" the program will close opened files, releuse the multiplexer
port and terminate itself. 7his progran normally rune ae a batch
job with €5 priority 23 hours/day,

¥hen 8 gas chromatdograph ron iz complete, the 3352 ayutam
calealatas final resulta and displayes these at & terminal near the
partioular Instrument. Aftsr the final report has been printed,
the zipgle user BAEIC iz automatically iovoked. & short BASIC
brogram than redquests the final report data fyrem the 3357 rysten
and passea that data to the controller & line gt a time.

ks each charaoter is sent to the 000 by the controller, an

acho is received. fThis echo ie then rhecked with the charactar
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pent. Thiz wverification process guarantees that the data stored on
the 3000, located =ix hundAved fzet away, is identical te the data
printed in the fipal reports.

If the FP 2007 dwis not respond to an attempted data transfer
within fifteenr seconds, the controller will time-out and indicate
the failure to the 3352. If syrwhreniration is lost with tha 3000,
any attempt to tranefer datsa will be immediately aborted. For
either condition the 3352 prints. a meszage at the local tarminal to
indicate that the instryment dets had not been stored.

When a complete gepott has been received by the 3000, the data
Elle 1z 1ocked and the updating is performed. After unlocking the
file, a file number and date ptamp are gent to the controller to bhe
uged by the scientiet for subaegquent sccess to his data. This
information is conveniently displaved at the bottom of hie £inal
report.

A program ls executed dally which discards all data stored for
more than seven daya. I1f extended storage ie requlred, the data
can be extracted from the GC link account apd stored in the usars
own Fileg. This technigque ailows s to Kesp the File dowvn to a
¥epaonable aize {132 004 byrtes).

To eXtract data frem the file all that a user need do iz write
a short BAIIC/3000 program which calls a FQBETRAN subrogtine. This
FORTREAM subrcutine opens the file and lowks it to assure sxclusive

accens, reade the required Lniormation and then peezes khat daks ta
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the callimg ERSIC program. Since€ The subroutine bos besn shored in
the Syatem 5L, the scderiist is only concerned with his rur parameters

and remados compl ety Lol abes Froon Rhe J:E.-.-_[l_iirelﬂ File mun Lpulai;il'_'lhaﬁ

TECHHICAL CETAILS OF THE LINK CONTRCLLER

The uze of & mizroprocesasy for the link controller wae mot &
part of the originzr dssign. The criginal Jde2sighn was haped on a
paTallel to sarial integrated oircuit (TARTY with 2 few other logic
mzdules for concroi. 1t was only after a few unexpected complica-
tions came to cur attention ipat we reallsed that our digltyl logic
clpoult was guiticg very complex and difficult to medify. Ailthough
tha Functions to be implem=ntsd ov the microgrocessor were cogpli-
cated, cur experience in gclving compuier pEonlems made the solution
o osur interfacing prabices moxe managaniale than if we had used tha
Vi cofiplox digital logic.

the use of tha microprocessor allowed us Lo simplify the
operations in bolh sdioicompolets, The Xick copbrollers cogld aow
eagily buffer records, whneck Loe echo ob serlal transmlssion and
lpdicets o che 3352 17 the 3000 was pot availakla. The link con-
trollar is gcompletely zutometic iz that wo operater actione are
raquirad for daily atsritup. The link comtroller sperates contin-
sy,

The microprocessnr which we chose Zor this applicazien is the
Wational S0/MP (Simple ©o uso, Oost effective microgrocessor). We

choge this partlovliar sleroprocessor Eoy seversl reggoner



Coat:  An evalecation kik whiah fncluded BAM, ROM, clock

comiponetts snd interface waes available for 989

doilars,

Softwars Doselorment: 2 croee assembler wags available on

*he G.EB. Timeeharing Hetwork,

Byzilability: The above evalgation kit was swailable

from 2 lecel distribuetor off the snelf.

The evaluation card was fusictional the same day we received

it. Osing the preprogrummes FRGM, we were able to load memory,

gxecuta simple programs atnd llst the contents of memory. ©ur fimal

configuration is shown in Pigure 3. It conelots of:

The SC/MP microprocessar

FROM containing the "monizgy program'™ ueed to encer
programs and start executlon.

FaM 512 byles confainicg the programe we wrotse to con-
trol data £low from one svstem to the other. 256 bytes

are uded g3 4 line Imffer.

Input/Jutput interfaces to match slgnal lavals with these

on the 31K printed elpeult assanbiiees.

Weiting programs for & microprocesscr is really oot much

differant from wrliing for o minicomputer, assuming ame has sx—

perience with an assembler language. The icterfacing, however,

regquiras a porson who has an in-depthk understanding of digital

logic.

wWe were footubate to Lave aconired expertise in both of

these mraas prior bto Lhis praject.
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In writing this descriptliom of the lHnk controller, I realized
thrt thiz varticwlar approach could be used o enter data from a
variety of instruments directly into a 3000. This would be sspeo-
ially true if only a minimal amount of real time procegsing of the
data wepse reguired. For exanple, if it was necessary to lodg ﬂata_
from various temperature sensors, the sensoers could be eaaily
interfaced to the microprocessor and transferred a3 & reooyxd to the
30940,

A8 B ammary, I wouald like to itamize the Froblems which we
encounltered and the Solutione to thaosa problems.

3322 GC DATA SYSTEM . fﬂa

P= zingle Usar BASIC did not allow ks to speclfy s particular
terminal for inputfoutpat.

5- Usa parzllel interfaces defined as reader and punch.

- Single Teer BASIC did not timesut on date entry from reader.

- [ge a "gmart" contreller which would timecut and send &

special code ko 3352,

300D SOFTHRER

~
F- IOPENTERMLCEY locked up terminals undar certain situatione. “-?
&~ Usa this rettipe cavefully, cloee terminal file proparly and

don't abort tha program.
P- "DOL™ #rpeemitted by maltiploxor.
5= Use this character to owr advantage to detect raadf Status.

F- How 40 you stop a program running as a job and yat close filee

and prosckve polntera.
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- Use a fiag £ile which 15 set by 2 short program,
F- Passing string arravs Srom FORTRAN to BASIC.

§- Learn to manipulate the logicnl length of BASIC arrays uslng

an 5FL routine.

LINKE CONTHROLLER

P- Checking echo at 2400 Baud was difficalt.
8- Analyze the echo generated by the MPXR for timing werlaticn
at different B ratea. (The =ohao L3 offget from the inecming

palsa.]

This inltial success with microprocessors has apncouraged us to
re-examine certain applications wihlch wa wmight have otherwise
ignored. For analytical instruments it is generally not feasible
to dedicate a minicocmputer to each instvument. By inkterfacing
thege instruments using microcomputers we oou)d perform a certain
amgunt of data reduction bafore serding the data to the largear
computer in serial format. With the coot of microe aa low as it is,

I feel that a oew dimenslon hos been added to distributed processing.

138



=15

m_“H_ Bkl

(A}

0/

QI96

Liasl =
L2 =] =
Wl n.-.u..lll

addl

13

: I g%
K318 A5 HOILlYHROQLIDY o
TY¥IYHEEeYHd HIITRKMYUON
It C: wkal
== ) wrst
h WEEY_
" Eivtug
ELTESTASEYE
| . STSEE
1
1
[ o vl
]
& Th
SEITas pWIED UI.
. a60E
AF1TTSS FUTT]
3 H
LoE/T REI S5 wCIT [ELf

[ “9rl

hmd_

- S - PR,

M

Al

.
2
k&

GE T




JdY¥YKROEYH ENIT 23 D

MR R —

#1-‘

L

Eﬂ-—l

L

140

LBl
H 3
QdhE | . "
a malrl.“umm_ .._.....ll.m_ _.u._ AKLY
43 . =0 |

"3I4




E

EITT0YLKO0T HHIT

j

Y.

gT-  ZT+ 5+

T 1

LT AM1Z Arddne Sahod
Wt 2L
. "
P Fam b
oodE ATCEuL]
HY3d HYH WO d
wdgsJNg LB 20, JO1TUYH

141



