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This slide shows a photo of the instrument as it was developed at LLNL. It is 
a very complex system comprised of a Hewlett-Packard ion source, Balzers 
quadrupole analyzers and a Finnigan PPNICCI detector system. The entire 
system is differentially pumped by three Balzers turbomolecular pumps. All 
components are linked to a DEC LSI-11/23 mini-computer running under the RT-11 
V.4 operating system which controls the instrument and acquires the data. The 
data is then transferred via DMA to a second DEC LSI-11/23 computer running 
under RSX for data handling, manipulation (graphing, plotting, sorting) and 
storage. 
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This presentation covers the work done at Lawrence Livermore National 
Laboratory by some computer programmers and analytical chemists specializing 
in mass spectrometery to develop an expert system for real-time tuning and 
optimization of operations of a triple quadrupole mass spectrometer (TQMS). 
This capability is important to increase the sensitivity possible for selected 
compounds throughout the entire mass range of the instrument, rather than 
settling for the traditional normalized calibration which lowers sensitivity 
at both ends of the mass scale. 

This talk was given by invitation in the session, "hxpert Systems in the 
Computing Industry", chaired by Dr. Peter Friedland of Stanford University at 
the National Computer Conference in Las Vegas, Nevada, July 11, 1984. 
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The multidimensional nature of the mass spectrometric data produced is shown 
in this example spectra of sulfur compounds in a complex pyrolysis gas 
mixture. The baseline or x-axis represents the amu or atomic mass unit of the 
various ions in a nor/rial mass spectrum. The vertical or y-axis is the 
relative intensity or amount of each ion present in the sample. The split at 
the top of each peak illustrates the key ions that would be produced in 
daughter mode if that particular peak or ion was selected ana refragmented. 
(For example, if an ion at mass 84 fragmented and formed ions at 45 and 53, it 
would be thiophene.; The process illustrates the inherent selectivity and 
specificity in TQMS data. 
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This schematic shows the internal details of the TQMb - the source, many 
lenses, quadrupole analyzers, a detector and the various operational modes of 
the instrument all of which are under computer control. As an example, five 
operational modes (normal MS, daughter scan, parent scan, linked scan and 
monitoring) are describea. The daughter scan -node is illustrated to show how 
ions are created in the source, sent to the first quadrupole region (an 
analyzer) which selects ions of only one mass. Tnese ions are then sent to 
the second quadrupole (a collision gas chamber) where they are refragmented, 
and the resulting daughter ions are then scanned in the third quaarupole 
region (another analyzer) where they are separated and detected. 
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The many operational parameters, the different data acquisition modes and the 
inherent multidimensionality of the data essentially create an information 
explosion.- The researcher becomes "buried in data" as the cartoon shows. Tna 
problem becomes one of not creating the most data but of creating the best 
data and that leads to concepts of artificial intelligence. How do we get the 
optimum "operator" to collect the optimum data - or let's put some knowledge 
into acquiring the duta in the first place which makes it an "expert system" 
problem. 
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tThere are several reasons for developing a knowledge basea tuning system for 
the TQMS. It has a large number of interactive controls which affect the 
quality of the data acquired. Conventional, unguided numerical optimization 
techniques require too much time. Therefore, since vast amounts of data are 
possible, a data driven acquisition system would enable one to choose the 
best, not just the most data. 

Additionally there are many more complex instruments and processes to control 
than there are real "expert" humans to do it. The TQMS becomes a prototype 
for these other instruments. Instrumentation problems are well-definea, 
bounded problems which makes them suitable for Al techniques; and, in 
particular, tuning an instrument is the kind of knowledge that can be encoded 
as rules in an "if ... then" format. The TQMS system could also be used as a 
teaching system because the transparency of the knowledge base and the rule 
system enables new users of the TQMS to learn the system faster and 
experienced users to understand their own thinking better. The "trace-back" 
concepts enable users to see why things were done the way they were and where 
they should or could be improved. 



WHY DEVELOP A KNOWLEDGE-BASED 
TUNING SYSTEM? 

Large number of interactive controls which affect quality of 
data acquired. Conventional (unguided) numerical 
optimization techniques require too many samples (take too 
much time) to tune the instrument. 

Vast amounts of data are possible. Data-driven acquisition 
allows one to acquire the best data, not just the most data. 

There are many more complex instruments and processes 
to be operated and controlled than there are real expert 
people available to do it. 

Instrumentation problems are well-defined and bounded 
making them amenable to A l techniques. 

Tuning an instrument is the kind of knowledge that can be 
encoded as rules in an " I f . . . t h e n " format. 

Transparency of the knowledge base and the rule system 
enables new users of TQMS to learn the system faster and 
experienced users to understand their own thinking better 
because they can use the "Trace-Back" function to see 
why things were done. TQMS becomes teacher. 
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The next schematic shows the electronic and computer configuration. The main 
points to note are that all aspects of the mass spectrometer are under 
computer control and that the three r iputers are linked to each other. The 
three computers are a DEC LSI-11/23 running under RT V.4 which operates the 
instrument and talks to the DEC LSI-11/23 RSX system via DMA (direct memory 
access); the DEC-LSI-n/23 RSX system which handles and stores the data from 
the RT-instrument system and is a file server for the DOLPHIN Xerox 1100 LISP 
processor; and, the Xerox 1100 which is where the AI knowledge base resides 
and is linked to the RT system via P.S232 and the RSX system via a 3-Mbit 
Ethernet. 
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The XEROX 1100 LISP processor (OOLPHiNJ, as shown in the cartoon, has the 
following specifications: The processor has 2.0 to byte of real memory. 8 M 
byte of virtual memory and 4 K words (36 bit) of control store. The local 
storage is a 29 M byte (23 M byte formatted) fixed disk ana the display is 
bit-map. It uses a "mouse" pointing device and the input/output is a 3 MPBS 
Ethernet local area network and an RS232C serial port. 
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The block diagram shows a "blow-up" of the connection between the computers. 
The internal transmission between the Dolphin and the TQMS uses English 
phrases (ASCII). This makes the transmissions easier to monitor anu less 
error prone. A checksum is used to insure correct transmission. On the TQMS 
end, the message is received by a macro code, checksum verified, ana the 
message sent to a monitor (debugging only), a disk file and to a FORTRAN 
program. The FORTRAiN program determines what is wanted using a dictionary of 
terms and carries out the command using existing subroutines and programs. A 
reply is created in the form of an ASCII string and handed to the macro which 
then creates the checksum and sends the .message to the monitor, disk and the 
DOLPHIN. 
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The kind of information needea by the Al machine for tuning a mass 
spectrometer can be described in terms of what the "human" expert actually 
does. At present, this person watches peaks on an oscilliscope while turning 
knobs on the TOMS controllers. The "human" expert must describe in precise 
terms what makes a peak "good". These terms involve height ana standard 
deviation of height, the standard deviation of the fit of a line to the peak, 
the width at the 10%, 50% and 90% peak height, the ratios of intensities for 
various masses, resolution, sensitivity, reproducibility ana a smooth, 
symmetrical peak shape. 



TUNING THE MASS SPECTROMETER PROVIDES AN EXAMPLE OF SOME OF THE INFORMATION NEEDED 
BY THE A.*'; MACHINE 

1. AT"PRESENT/ THE "HUMAN" EXPERT TUNES THE TQMS BY WATCHING PEAKS ON AN 
OSCILLOSCOPE AND TURNING KNOBS. 

2. THE "HUMAN" EXPERT MUST DESCRIBE IN PRECISE TERMS WHAT IT IS THAT MAKES A 
PEAK "GOOD".-

A. HEIGHT AND STANDARD DEVIATION OF HEIGHT 

B. STANDARD DEVIATION OF FIT OF LINE TO FLAT AT TOP 

C. WIDTH AT 90% HEIGHT, 50% HEIGHT, 10% HEIGHT 
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The next slide shows the difference and the importance that tuning can make on 
peak shape and resolution. The two vertical lines represent a one atomic mass 
unit (amu)wide peak - which is the maximum width the peak should have. Tne 
dotted line is "bad tuning" where the peak top is splitting and the width or 
resolution is tailing-ot'f into adjacent masses. Tne solid line represents 
"good tuning" where the peak is symmetrical, smooth and not tailing-off into 
adjacent masses. (The bad-tuning" effect was caused by haviny only one of the 
-\-30 TQMS tuning functions out of range. This particular function was 
excessive voltage on fielu axis 3.) 
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To achieve the tuning througnout the mass range as represented by the "good 
tuning" example in the previous slide normally takes 1/2! hour for an expert. 
The first attempts used an AI program which invoked an "interpret-instructions 
method", called CALIBRATE. That "method" then coarse tuned the instrument in 
1-6 minute: throughout the mass range. These first attempts are shown in the 
next illustrative photos. 



EVOLUTION. OF AI TUNING PROGRAM 

1. NORMALLY IT TAKES *l/2 HOUR TO MANUALLY TUNE THE TQMS. 

2. THE FIRST ATTEMPTS INVOKED AN "INTERPRET-INSTRUCT IONS METHOD", CALIBRATE, 
WHICH COARSE TUNED THE INSTRUMENT IN ^6 MINUTES FOR THE ENTIRE MASS 
RANGE. 

A. INTENSITY WAS BETTER THAN IN MANUAL TUNING 

B. PEAK SHAPE AND RESOLUTION WERE WORSE 

3. THE PRESENT METHOD COmiHES INTENSITY, PEAK-SHAPE AND RESOLUTION INTO A 
SINGLE FIGURE OF "GOODNESS" FOR EACH READING 
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The two photos were taken off the oscilloscope. In these first attempts only 
the peak intensities were maximized. There were no peak shape or resolution 
factors taken into account. In comparing the expert human manual tuning with 
the DOLPHIN AI tuning, the intensity is better than manual tuning but the peak 
shape and resolution were far worse as indicated by the noise spikes on top of 
tne peaks and the lack of resolution between adjacent peaks. The next 
attempts combined intensity, peak-shape and resolution into a single figure of 
"goodness" for each reading. 



FIRST COMPARISON: PEAK INTENSITY MAXIMIZED, NO PEAK SHAPE OR RESOLUTION FACTORS 

NORMALIZED .MANUAL TUNING VS. EXPERT SYSTEM A I TUNING 

MASS RANGE 3 1 - 1 3 1 

SEM = 1100 V, AUTORANGING 10" 

SCANNING Q3 

MASS RANGE 3 1 - 1 3 1 

SEM = 1100 V, AUTORANGING 10" 

SCANNING Q3 

MANUAL TUNING DOLPHIN AI TUNING 
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This next evolution of the AI tuning program whicn incluaed "booaness" was 
used for optimum tuning on a single mass rather than looking at the entire 
mass rage. Coarse tuning involvea changing voltage by large amounts over the 
entire useful range for each parameter. Fine tuning then repeats using small 
increments over a narrow range. A separate file of optimum tuning parameters 
is created in til minutes for each mass and tne multiple tuning files thus 
developed by the AI program can be usea by the instrument computer to optimize 
20 mass dependent parameters on-the-fly in 7.7 msec. 



EVOLUTION OF AI TUNING PROGRAM CONTINUED 

4. "GOODNESS" IS USED FOR OPTIMUM TUNING OF A SINGLE MASS. 

A. COARSE TUNING INVOLVES CHANGING VOLTAGES BY LARGE INCREMENTS OVER THE 
ENTIRE USEFUL RANGE FOR EACH PARAMETER. 

B. FINE TUNING INVOLVES THE SAME CONCEPTS USING SMALL VOLTAGE INCREMENTS, 
BUT OVER A NARROW RANGE DEFINED BY THE COARSE TUNING. 

5. A SEPARATE FILE OF OPTIMUM TUNING PARAMETERS IS CREATED IN n.11 MINUTES 
FOR EACH SELECTED MASS. 

6. MULTIPLE TUNING FILES DEVELOPED BY AI PROGRAM ARE USED BY INSTRUMENT 
COMPUTER TO OPTIMIZE 20 MASS DEPENDENT PARAMETERS ON-THE-FLY IN 7.7 MSEC. 
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The next four photos from the oscilloscope show the results of this "boodness" 
factor incorporated into the program. Now the AI tuning has resolution as 
good or better throughout the entire mass range as the manual tuning and the 
peak shape is somewhat better; but, the sensitivity is slightly worse. On the 
single peak at mass 69 which shows the shape of the peaK at the top, the AI 
tuning is actually slightly better, (i.e. no splitting at the very top of the 
peak) althougn the intensity is slightly lower. 



SECOND COMPARISON: "GOODNESS" FACTOR INCLUDES PEAK INTENSITY, 
SHAPE AND RESOLUTION 

N O R M A L I Z E D M A N U A L TUNING A l TUNING 

2 1 9 5 0 2 2 1 9 5 0 2 

69 69 
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To see how this tuning procedure works we must look at some examples of the 
TQMS knowledge base from the DOLPHIN. This example shows part of the 
inheritance hierarchy relati »- the individual plates of the lenses to the lens 
structural unit and to the Einzel lens theoretical concept. This enables 
attributes establisnea in the Einzel lens to be inneritea to the lens 
structures for each quadrupole rather than having to be repeated in eacn of 
the three quadrupole areas. 
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Looking further at the Einzel Lens unit, we can now see the various slots 
associated with it, their particular roles, the kind of data type, what unit 
it is from and the actual value. For example, the slot "voltage-range" has a 
"variable" role, has a "list" datatype, is from the "Einzel-lens" unit ana has 
a "{-140 140)" value. 



A l l s l o t s of Un i t EINZEL.LENS i n KB TQMS are'. 
S lo t Role Datatype FromUnit Value 

DESTINATION 
DIFF. VOLT AGE 

OVERRIOE 
VARIABLE NUMBER 

DIFF .VOLTAGE -OPTIMAL 

VARIABLE NUMBER 
DIFF .VOLTAGE-RANGE VARIABLE NUMBER 

DIFF .VOLT AGE-RESOLUTION 
VARIABLE NUMBER 

GAUGEABLE 

ICON 
ICON-MENU 
LENS .VOLTAGE 

OVERRIDE 
OVERRIDE 
OVERRIDE MENU 
VARIABLE NUMBER 

LENS .VOLT AGE-OPTIMAL 

VARIABLE NUMBER 
LENS .VOLTAGE-RANGE VARIABLE NUMBER 

LENS .VOLTAGE-RESOLUTION 
VARIABLE NUMBER 

VOLTAGE 

VOLTAGE -OPTIMAL 

VOLTAGE-RANGE 

VARIABLE NUMBER 

VARIABLE NUMBER 

VARIABLE LIST 

VOLTAGE-RESOLUTION VARIABLE NUMBER 

OBJECT NIL 
EIN2EL.LENS 

NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
VOLTAGE 

OBJECT NIL 
OBJECT ((OISPLAY (DISPLA 
EINZEL.LENS 

NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
NIL 

EINZEL.LENS 
( -148 140) 

EINZEL.LENS 
.07 
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The reasoning in "TQMSTlmt is rule-Daseu and has production rules of the form: 
If <PREMISES> then <C0NCLUS10M> 

These rules are controlleo by "backward chaining", a search strategy which 
views a conclusion as an initial hypothesis which is assu;nea to be true. This 
initial hypothesis is stated explicity in the knowledge base in a slot within 
a unit. The rule interpreter tests the evidence for truth of the hypothesis 
and if the premises are true then the interpreter concludes the hypothesis is 
true. 



RULE BASED REASONING IN "TQMSTUNE" 

1. "TQMSTUNE" USES PRODUCTION RULES OF THE FORM: 

IF <PREMISES> THEN <CONCLUSION> 

2. RULES ARE CONTROLLED BY "BACKWARD CHAINING" 

A. SEARCH STRATEGY WHICH VIEWS A CONCLUSION AS AN INITIAL HYPOTHESIS 
WHICH IS ASSUMED TO BE TRUE 

B. INITIAL HYPOTHESIS STATED IN KB EXPLICITLY IN A SLOT WITHIN A UNIT 

C. RULE INTERPRETER TESTS EVIDENCE FOR TRUTH OF HYPOTHESIS 

C. IF PREMISES ARE TRUE THEN INTERPRETER CONCLUDES HYPOTHESIS IS TRUE 

• * 



An example of the rule structure is illustratea in the next slide. Three 
rules are shown here. The first one, a rule for tuning the field axis (FA) 
says that if the tune "gooaness" (i.e. all aspects of heignt, shape ana 
resolution for each peak) is maximized on each of the quadrupole sections (Ql, 
Q2 and Q3) then the "tune-goodness" is maximized from tuning these particular 
parameters, (i.e. Field axis). 



(RULE FA-TUNING 
(IF (TUNE GOODNESS IS MAXIMIZED BY VARYING Ql 

FIELD,AXIS) 
-. /TUNE GOODNESS IS MAXIMIZED BY VARYING Q2 

FIELD,AXIS) 
(TUNE GOODNESS IS MAXIMIZED BY VARYING Q3 

FIELD.AXIS)) 
(THEN (TUNE-GOODNESS IS MAXIMUM FROM TUNING 

FIELD-AXIS))) 
[RULE INITIAL-TUNING 

(IF (TQMS-DEVICE STATE IS UNTUNED) 
(TUNE-GOODNESS IS MAXIMUM FROM TUNING LENSES 

AND FIELD-AXIS)) 
(THEN (TQMS-DEVICE STATE IS COURSE-TUNED)) 
(PROGN (UNITPUT (QUOTE TUNE) 

(QUOTE MODE) 
(QUOTE FINE)) 

(UNITPUT (QUOTE TQMS-DEVICE) 
(QUOTE STATE) 
(QUOTE COURSL-TUNED] 

(RULE INITIAL-FIELD-AXIS-TUNING 
(IF (TQMS-DEVICE STATE IS COURSE-TUNED) 

(TUNE-GOODNESS IS MAXIMUM FROM TUNING 
FIELD-AXIS)) 

* 



The TQMSTUNE program also uses instructions which are interprettea 
sequentially for things like setting up the initial conditions of the 
calibration and the instrument. These instructions have the same syntax as a 
rule pre-condition. 
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TQMSTUNE ALSO USES INSTRUCTIONS THAT ARE INTERPRETTED SEQUENTIALLY 

1. • INSTRUCTION HAS SAME SYNTAX AS RULE PRE-CONDITION 

2. INSTRUCTIONS INITIALIZE DEVICE AND CALIBRATION PROGRAM 

(RESET CALIBRATION WORKING-MEMORY) 
(INITIALIZE LENS1-Q1 BIAS VOLTAGE) 
(INITIALIZE LENS2-Q1 BIAS VOLTAGE) 
(INITIALIZE LENS3-Q1 BIAS VOLTAGE) 

(ALLOCATE DETECTOR SENSITIVITY) 
(ALLOCATE DETECTOR NET-PEAK-WIDTH) 
(CLEAR STATE CALIBRATION-MODE) 
(TEST-HYPOTHESES CALIBRATION IS SUCCESSFUL) 



The calibration of the instrument is performed first by coarse tuning on each 
state of the system to maximize peak heights while maintaining reasonable peak 
shape and resolution. Then a rule invokes a "method" whicn varies specified 
voltage on specific devices. The instrument is actually coarse tuned in the 
process of testing the hypothesis. The fine-tuning is the second stage and 
sets appropriate peak shape ana width while maximizing height. The entire 
process illustrates the backwaro chaining ana sequential control as proviaea 
oy the rule interpretter included in KEE". 



CALIBRATION PROCEDURE 

1. COARSE TUNING IS PERFORMED FIRST ON EACH STATE OF THE SYSTEM TO MAXIMIZE 
PEAK HEIGHTS WHILE MAINTAINING REASONABLE A PEAK WIDTH AND SHAPE. 

2. A RULE INVOKES A METHOD, "MAXIMIZED", THAT VARIES SPECIFIED VOLTAGE ON 
SPECIFIC DEVICE. 

3. INSTRUMENT IS ACTUALLY COARSE TUNED IN THE PROCESS OF TESTING THE 
HYPOTHESIS. 

4. FINE TUNING IS SECOND STAGE AND SETS APPROPRIATE PEAK SHAPE AND WIDTH 
WHILE MAXIMIZING HEIGHT. 

5. ENTIRE PROCESS ILLUSTRATES BACKWARD CHAINING AND SEQUENTIAL CONTROL AS 
PROVIDED BY THE RULE INTERPRETER INCLUDED IN "KEE". 

•<m 



To use the TQMS program, you load "TQMSTUNt." and display the device (tne icon 
of the mass spectrometer source, lenses, rod assemblies ana detector). A 
gauge can be attached to each unit of the device to monitor voltage as it is 
being changed by the rule system. Then using the mouse, point at "INITIALIZE" 
and "TUNE" from the "CHEZ TQMS" menu which starts the tuning process. Tne 
aevice component voltages are set to initial values from the RT-11 calibration 
file and calibration rules are invokeo. TUHSIUINE senas instructions to each 
device to vary control parameters while checking each device for coarse, then 
fine tuning. Following a request from TQMSlUNt, the RT-11 acquires data ana 
passes those measured and derived parameters to TQMSTUNt. TQMSTUNt then plots 
the progress of the tuning proceaure for each device in a separate winaow as a 
function of overall "GOODNESS" vs. voltage. 
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tXSAWi(RULE SECDNOARY-LfcNS-TUNJN6 
(IF (TQMS-OE.VICE STATE IS FINE-TUNED-FIRST-PASS) 

(TUNE-GQQDNESS IS MAXIMUM FROM TUNING LENSES)) 
(THEN (TQMS-DEVICE STATE IS FINE-TUNED-SECOND-PASS)) 
(UNITPUT (QU'OTE TQHS-DEVICE) 

(QUOTE STATE) 
(QUOTE FINE-TUNED-SECOND-PASS))) applied. 

(-- THIS IS COMMENTED OUT FOR NOW — TUNE-GOOONESS IS MAXIMUM 
FROM TUNING SOURCE) is true for the current KB state. 

(RULE SOURCE-TUNING 
(IF (TQMS-DEVICE STATE IS FINE-TUNEO-SECOND-PASS) 

(— THIS IS COMMENTED OUT FOR NOW — TUNE-GOODNESS 
IS MAXIMUM FROM TUNING SOURCE)) 

(THEN (TUNE IS SUCCESSFUL)) 
(UNITPUT (QUOTE TQMS-OEVI.CE) 

(QUOTE STATE) 
(QUOTE TUNED))) applied. 

Verified: (TUNE IS SUCCESSFUL) 
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A more detailea look at maximization of "tune GUUi^tSS" vs. voltage for each 
parameter is shown in this example. Two specific examples are shown and a 
vertical "tic mark" on the plot shows which specific point was chosen by tne 
program as the best point for maximization of that particular function. 
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These photos from the oscilloscope show the current comparisons between tne 
manual and the AI tuning. The peak intensity is greater for the manual tuning 
but there is slightly more "noise" on the peak top for the low mass range peak 
at 31 amu. At mass 69, the manual tuning again has higher peak intensity than 
the AI tuning. The resolution on botn methoas is nearly identical as shown in 
the bottom photo where the separation between the very large mass 69 peak and 
the small mass 70 isotope peak adjacent to it is identical. So overall, the 
AI tuning is nearly as good as the manual tuning. 
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An example of a portion of the decision tree whicn can traced back to 
determine which states or decisions were dependent upon which others is 
illustrated. That is, the TQMb is fine tunta first pass through tne 
procedure, when the tune-goodness is maximum from tuning the field-axis and 
the TQMS device state is coarse-tuned, which is dependent upon the 
tune-goodness being maximum from tuning all lenses and field-axis when the 
initial state was untunea-J 



VERIFIED -HYPOTHESES 

TUNE IS 
SUCCESSFUL 

TQMS-DEVICE STATE IS 
FINE-TUNED-SECOND-PASS 

TUNE-GOODNESS 
IS MAXIMUM 

FROM TUNING 
LENSES 

TQMS-DEVICE STATE IS 
FINE-TUNED-FIRST-PASS 

TUNE-GOODNESS 
IS MAXIMUM 

FROM TUNING 
FIELD-AXIS 

TQMS-DEVICE 
STATE IS 

COURSE-TUNED 

TUNE-GOODNESS IS 
MAXIMUM FROM 

TUNING LENSES AND 
FIELD-AXIS 

TQMS-DEVICE 
STATE IS 
UNTUNED 



The steps taken to achieve the present status were selection ot" a LISP 
processor and the most suitable knowledge representation software available at 
the time. We then collaborated with a knowledge engineering firm to develop a 
small stand-alone demonstration prototype. After receipt of our LISP 
processor, the hardware and software communications between the TgMS 
instrument, the two DEC computers and the XEROX LISP processor were developed 
at LLNL. The initial demonstration stana-alone system was then redone. A new 
rule system was developed and the knowledge base was greatly extended to allow 
tuning over small ranges with the instrument parameters being altered during a 
scan. Using this approach, the instrument can be kept continually tunea and 
the TQi'lS sensitivity is optimized over the entire mass range. 



TEPS TO ACHlEVMG PFtESEIMT STATU! 
Selected LISP processor. 
Selected Knowledge Representation and Inference System 
sof tware. 
Collaborated w i t h a commercial Al f i rm to produce a 
prototype Knowledge Base of the TQMS. 
Implemented 9600 baud RS-232 link between LISP 
processor and TQMS instrument computer. 
Developed FORTRAN program on TQMS computer that 
returns all available data or sets of parameters on command 
f rom the LISP processor ( instrument computer = hands, 
LISP computer = brains). 
Extended the TQMS Knowledge Base (KB) to communicate 
w i t h the TQMS computer. 
Extended the number of rules in the TQMS KB to allow 
better computer tuning of the instrument. 
Extended the TQMS KB to tune over small mass ranges, 
and extended instrument control computer programs to 
vary the instrument parameters during a mass scan to keep 
the instrument continually tuned. Using this approach, the 
TQMS sensit ivity was optimized over the entire mass range 

/>* 



The present and future development goals for this project are that we have 
defined and developed the control structure and associated rules for tuning 
the TQMS and we will be extending the concepts to develop a self-adaptive 
operative system. Also, these instrument tuning or operation ana data 
acquisition concepts are being generalized so that they can be extended to 
other instrument systems such as the E-Beam welaer. Eventually, we hope to 
link the acquisition of data to the interpretation of data to get a total 
computer-aided experimentation system. 



PRESENT'AND FUTURE DEVELOPMENT 
GOALS 

1. Have defined and developed control s t ructure and 
associated rules for normal tuning of TQMS. 

2. Have defined and developed procedures for tuning and 
instrument operation allowing opt imizat ion of individual 
peaks throughout the entire mass range. 

3. Wi l l define and develop system that determines how to 
take the next data, i.e., self-adaptive operat ion of the 
instrument. 

4. Wi l l extend these concepts for application to other complex 
instruments or process contro l , i.e., E-beam welder, 
accelerator, reactors, etc. 

5. Wi l l eventually link data interpretat ion procedures to data 
acquisition procedures to get total computer aided 
experimentat ion, f Dendrcr! / B^eta-Dend^H 

. • * 



The people who have workea on the project at Lawrence Livermore National 
Labortory (LLNLJ are: 

Stanley M. Lanning 
Richard W. Crawford 
Hal R. Brand 

The preliminary, stand-alone prototype work done last fall, Sept. 1983, was 
subcontracted to Intel liGenetics. 

Financial support was providea for this project from the Chemistry and 
Materials Science Departmental Initiative CRR funds by Charles F. Bender 

*This work was performed under the auspices of the U.S. Department of Energy 
by Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48. 
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