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Knowledge Acquisition: Practical 1

“rit
Expert Systems

Chris Thomton -~ February 6, 1989

- Introduction

The practical involves (a) applying a leaming algorithm to some data so as to extract use-

/ ful categorics and (b) devising a mechanism which can exploit those ¢ategorics in the

genemtion of a simple expert system.,
The main subtasks arc as follows,

1. Sclert a domain and obtain (or construct) a body of data (seme databases are provided
bclow)

2. Implement a leaming mechanism which can derive uscful classes from the data,

3. Write a program which can take the class descriptions generated by the leaming
mechanism and produce a simple cxpert system.

4, Demonstrate that each link in the chain works; i.c. show that by applying the leaming
mechanism to the raw data you get uscful class descriptions, and that by applying the
expert-gystem generator to the class descriptions you get a useful expert system.

Obviounly, the "expert system" is going to bo very basic indeed. IHowever, it zhould
display some of the featurcs of something like Myein (o.g. query-the-user).

- What to hand in -

- the codc for the expert system generator and the leaming mechanism, (Codc whlch is
not propcrly commented will be deemed unreadable.)

~an ovcrvlcw of the structure of your program

_annatated trace of the system in operation, (Obviously, The way in'which you gea-
lhls Iraco will diffor depending on which language you uae.) i

'

- an account of the arguments in favour of your particular unplanmtauon
- full dg:scrlpuons of all unresolved problems

You car use any Al language for this excreise; c.g. Popl 1, Prolog, Clisp. ,
NB. This file is fusr/locel/poplocal/local/tcach/coursc/eska/practical |

- Flag data - ;

Sce (Forsyth and Rada 1986, chapter 3) for dectails. !

Hues Xcrs Icon Rmns

have been considered similar, structurally as well es functionally, But recent experments
have lead rescarchers to question this hypothesis. Our work was to cxtract significant
differences between two classes of signal peptides coming from an cukaryote (I1. sapieas)
and a prokaryote (E. coli). Here arc two examples:

MKKTAIATAVALAGFATVAQA (1)
MKVMRTTVATVVAATLSMSAFSVFA (2)
Two E. coli signal peptides.

Each class contains all known signal peptides: 22 II. sapeins and 18 E. coli (sce data
below).” (p. 391)

Each letter labels a particular amino acid. A sublist thus describes a singlc signal peptide.

* vars data = [
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0 0 i3 i N 0 0 0 C

0 0 3 0 N 0o 1 0-ycC

0 0/ 5 0 ' ¥ 0 |4 0 U

6 0 be 2 4 2 U

g 4] . 1 X 1 * 15 0 . C

N Tgia 0 3 1 Y 0 3 1 C

“"ﬁﬁllmis 0 0 6 0 Y o 's 2 U

[Xowa' 2 0 5 0 Y Y 10 0 U

[Iousiana 0 0 4 0 Y 0 4 0 C

1 0 4 0 Y 0 0. Q U

0 0 q 0 Y 1 '6 0 U

Lbs;lssippi 13 0 3 3 1 N 0 ;0 0 C

New Hants 9 0 0 5 0 Y ] "7 1 U

New UJersea 0 0 0 5 0 Y 2 3 1 Y

New York 0 0 0 6 0 Y 2 i1 0 U

N. Carolina 1 1 2 4 [¢] N 0 3 4 C

Ohio: 17 0 5 3 0 N 0 , 0 0 U

Rhode Is, 13 0 0 3 0 Y 0 i1 0 U

S. Carolina 0 0 0 2 0 Y 0 0 0 C

Tennesee 3 2 0 3 0 N 0 -0 0 C

Texa 1 1 2 3 0 N 0 10 0 Cc

Virginia 0 0 0 5 0 Y 2 4 0 C

Wlsc nsin 0 0 0 5 0 Y 2 12 1 U

Washlngton 3 0 5 2 0 N 0 .0 4] u
? 1 ;

-- Signal peptide data

Taken from ;
Gascucl, O. & Danchin, A. (1988). Data analysis using a lcaming program, a V
case study: an application of PLAGE 1o a biological sequence analysis. In
Y. Kodratoff (3d.), PROCEEDINGS OF THE EIGHTH EUROPEAN CONIT_'RB\CL
ON .
ARTIFICIAL INTELLIGENCE. London: Pitman Publishing.

"Signal iachidcs are scgments of proteins, of 15-40 amino acids, positioned at the start
(called amino terminel end) of exported proteins. They play an important role in cell life
since they allow export or secretion of proteins through their surrounding membranes.
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/* H. sapiens signal peptides #/
MATGSRTSLLLAFGLLCLPWLQEGSA]
[MDYYRKYAAIFLVTLSVFLUVLIIS)
[MPGSRTSLLLAFRALLCLPWLQEAGA]
[MPRLFLFHLLEFCLLLNQFSRAVAA)
MALWMRLLPLLALLALWGPDPAAA)
MAAARLCLSLLLLSTCVALLLQPLLGAQQ]
(MPSSVSWGILLLAGLCCLVPVSLA)
MALTFALLVALLVLSCKSSGSVQ)
IMTNKCLLQIALLLCPESTTLAS]
MKYTSYILAFQLCIVLGSLG]
MEFGLSWLPFLVAILKGVQCQ)
MDMRVLAQLLGLLLLCFPGARC])
(MILDKALMLALGALTTVMSPCGQ]
MYCLKLPGGSSLAALTVTLMVYLSSRLAFA]
MXAAVLTLAVFLTGSQA]
MYSNVIGTVTSSKRKVYLLSLLLIGFWDCTC)
[MFSMRIVCLVLSVVGTAWT]
MKRMVSWSPHKLKTMKHLLLLLLCVPLVKS]
[MPRSCCSRSGALLLALLLQASMEVRUQ)
MKWVESIFLIFLLNFTESR]
MKWVWALLLLAAWAAA)
[MEPWPLLLLFSLCSAGLVLG)

/* £, coli signal peptides ¢/
MKATKLVLGAVILGSTLLAG)
MSIQHFRVALIPFFAAFCLPVFA)
MMITLRKLPLAVAVAAGVSAQAMA]
[MKKTAIAIAVALAGFATVAQA)
MKVKVLSLLVPALLVAGAANA)
MKKSTLALVVMGIVASASVQA]
[MKKLLPILIGLSLSGFSSLSQA]
MIKSVIA GAVAMAVVSF GVNNA]
MKQSTIALALLPLLFTPVTKA)
['MKVMRTTVATVVAATLSMSATSVTA]
(MKIKTGARILALSALTTMMFSASALA]

Word Num Type MKANAKTIIAGMIALAISHTAMA]

MKKLALSLSLVLAFSSATAATFA)
MKKSLVLKASVAVATLVPMLSFA]
4 MKKTVLALSLLIGLGATAASYA]
MMKRNILAVIVPALLVAGTANA]
MKKLLFAIPLVVPFYSHS)
[MNIKGKALLAGCIALAI'SNMALA]
]'

Medical data

Each sublist correponds to onc patient (record). The 1st item (cg
The feature-names are as follows.

[sex age onset site present site aggrnvnung factors relieving factors progress duration type
severity nausea vomiting anorexia prev indigestion jaundice bowels micturation prev
similar pain prev abdo surgery drugs for abdo pain mood colour abdo movement scar
distension tendemess rebound guarding rigidity mess murphys bowel sounds rectal-
vaginal tendemess)

The range for cach feature is as follows.

[[12] (3 10] [11 23] [24 36) {37 42] (43 48] [49 51)

[52 55] {59 61] {63 64] [65 66) {67 68] [69 70] {71 72] {73 74]
[7579) [80 84) (85 86) [87 88] [89 90] (91 93] [94 98] [99 101}
{102 103] (104 105] (106 118} [119 120] [121 122] [123 124}
(125 126] {127 128]) [129 131] {132 136)}

The actual diseases are:
app appendicitis

?b all bladder (cholecystitis).
no Intestinal obstruction
rc renal colic.
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yars data = [

(app 2 6 19 26 37 43 51 53 60 63 65 67 69 7274 75 80 86 87 90 91 54 99 103 105 108
120122124 126 128 129 134 )

[app 1 § 19 26 37 43 51 55 60 64 65 67 69 72 74 75 80 86 88 90 92 96 99 103 105 115
119121123126 128 130133 )

[app 14 15 26 37 43 50 54 60 63 65 67 69 72 74 77 81 86 88 90 91 96 99 103 105 108
119121'124 126 128 129 133 ]

[app 1 519 26 37 43 51 55 60 64 66 68 69 71 74 75 80 86 88 90 91 96 99 103 105 108
119121124 126 128 129 133 ]

[app 1 5 14 26 37 43 51 55 60 64 66 68 70 7274 75 80 85 88 90 91 9499 103 105 108
120121124 126 128 129 134 ]

[app 1 # 15 25 37 0 50 53 61 64 65 67 69 72 74 75 80 86 88 90 92 94 99 103 105110
120122124126 128 129 0]

[app 2 9 13 26 38 48 51 54 60 63 65 67 69 72 74 76 80 86 88 90 92 94 99 103 105 108
120 121'124 126 128 129 136 ]

[app 1 6 15 29 37 43 50 53 60 64 66 67 70 72 74 77 80 85 88 90 91 9699 103 105 111
120 121124 126 128 129 134 ]

[app 2 § 15 30 37 48 50 52 60 63 65 67 69 7274 75 81 86 88 90 91 95 99 103105 112
119122124125 128 129 136 ]

[app 2 4 19 26 37 47 51 54 60 63 65 68 70 7274 75 80 86 88 90 92 94 99 103 105 108
119121124 126 128 129 136 ]

[app 1 5 16 26 37 47 49 53 60 63 65 68 70 72 74 75 80 85 87 90 91 96 99 103105 108
119 122124 126 128 129 133 ]

fapp 14 19 26 37 43 51 54 0 63 66 67 69 0 0 76 80 86 88 90 91 9699103 105 108 120
122124126 128 129 133 ]

[app 2 4 13 26 37 43 50 52 GO 63 65 67 70 71 74 76 80 85 88 90 91 %4 99 103 105 108
1201210124 126 128 129 133 ]

{app 1 4 1629 37 48 51 53 60 64 65 63 69 72 74 76 80 85 88 90 91 95 99 103 105 108
119 121:124 126 128 129 136]

[gb 29 11 24 42 44 51 52 60 63 66 67 69 72 74 75 80 86 88 90 91 94 99 103 105 106
120122124 126 128 129 0]

(b 1 8:15 24 39 48 49 53 59 63 65 67 70 7274 75 80 85 87 89 91 94 99 102 105 110

w22 124 126 128 129 136 )
} 10 11 24 37 43 50 55 60 63 65 68 69 72 74 76 80 85 88 90 91 94 99 103 105 106

120 1211124 125 127 129 136 )
{gb 2 10 15 28 42 43 51 52 60 64 65 67 69 72 74 75 80 86 88 89 929499 103 105 0120
122124 126 128 129 136 ]

[gb 27 15 28 42 48 50 55 59 63 65 68 69 7274 76 80 86 88 90 91 94 99 103 105 110
120 121:124 126 128 129 136 ]

fgh 17,11 24 39 48 49 53 60 63 65 67 70 71 74 75 80 85 88 90 91 94 99 103 105 106
120 122:124 126 127 129 136 )

[ab 1 10 15 28 42 48 51 52 60 64 65 67 072 74 75 81 86 87 89 9294 99 102 105 110
120 122124 126 127 129 136}

[ab 1 7'21 34 41 47 50 53 60 64 GG 67 G9 7274 75 80 86 87 9092 94 99 102 105 112
119 121124 126 127 129 136 )

_...b‘[gb 210 13 26 38 43 49 53 60 63 66 68 69 71 74 79 83 86 88 90 91 95 99 103 104 112

(o

1191211124 126 127 131 136)
[gb 110 16 28 42 48 51 52 60 64 65 67 69 71 74 75 80 86 88 89 91 95 99 103 105 110
120 121,124 126 127 129 136 ]
[gb1 920 24 37 43 51 55606465676971747684868790929799109.105 106
120 121,124 126 128 129 136 ]
(gb 2911254243 51 55 60 63 65 67 69 71 74 76 80 86 87 89 92 94 99 102 105 106
120122124 126 127 129 136 ]
[gb 11D 15 28 38 48 49 53 60 63 65 67 69 72 74 75 81 86 88 90 91 97 99 103 105 110
120122124 126 127 129 136 ] '
(gb 2 10 20 0 42 48 49 55 61 63 65 67 69 7274 77 80 86 88 90 91 94 H9 103 105 118
120122124 126 128 129 136 ]
[gb1 9;20 33 4243 49 55 59 63 66 68 69 7274 77 80 86 88 89 91 96 99 103 105 106
120122124 126 128 129 136 ] ‘
Y 815 28 42 48 50 52 60 64 65 67 70 71 74 78 80 85 88 89 91 9499 103 105 110
22124 126 128 129 136 ]
[m02 10 14 27 42 44 49 52 61 64 66 67 70 7274 75 82 85 87 90 91 9499 102105 109
120122124 0128 131 136 ]
[ino 1 10 16 29 37 48 51 55 61 64 65 67 70 7274 76 80 86 88 90 93 94 100 103 105 111
1200 124 125128 131135 ]
[ino 2 10 12 25 37 48 51 52 60 0 65 67 07274 75 80 86 87 909200 102105 11000
124125128129 0] '
[ino 2 10 19 33 42 48 50 55 60 63 65 67 69 7274 76 80 86 88 90 91 95 99 103 104 0
120122124 126 128 129 136 ]
[in02101932000000666769 7274 76 83 86 88 90 92 94 100 103 104 108 120
122124125128 00)
fino 1 10 19 32 37 43 51 55 61 63 65 67 69 72 74 76 80 85 88 90 91 94 99 103105 108
120 121'124 125 128 129 136 ]
[ino 1 8 16 29 42 48 51 55 59 63 65 67 69 7274 76 80 86 88 90 93 94 99 103 105 109
120 122124 126 128 131 136
[ino 2 10 16 29 37 43 50 54 61 63 65 67 69 7274 76 80 86 87 90 92 94 101 102104 111
120 122:124 126 128 131 136
[mo27 16 29 38 48 51 55 61 63 65 67 69 72 74 76 80 86 88 90 91 9499 102104 111
120 122 124 126 128 129 136 ]
{ino 1 10 19 32 42 44 49 54 G1 63 65 67 69 7274 76 80 85 88 90 91 94,99 103105 111
120122124 125 128 131 136 )
fino 2 10 19 32 42 48 50 55 60 63 65 67 69 71 73 76 80 86 87 90 91 94 101 102104 110
120122124 125 128 131 136 ]
{ino 2 10 19 30 40 47 51 55 61 63 65 67 69 7274 76 80 86 88 89 91 94 99 103 104 108
120122124 126 128 131 136 ]
{ino 1 6 20 33 37 47 49 54 59 63 65 67 69 71 74 76 82 85 88 909294 100103 104 0
120 122 124126 128 131 0]

{ino 2 10 19 32 39 48 50 55 60 63 65 67 69 71 74 76 80 85 88 90 91 94 99 103 104 118
120 122 124 126 128 131 136 ]

[ino 1 10 19 32 42 48 50 53 60 63 66 68 70 72 74 75 80 85 88 90 91 94 99 103 104 0
120 122 124 126 128 129 135 ]

{ino 2 10 13 26 42 44 51 54 61 63 65 67 69 71 74 76 80 86 87 90 91 9599 102 104 115
120 122 124 125 128 131 136 ]

{ino 1 6 1531 37 43 51 53 61 64 65 67 69 72 74 75 30 86 87 90 92 95 99 102 104 113
120 122 124 126 128 131 136 )

[ino 2 10 16 29 42 48 50 54 61 63 65 67 69 72 74 76 80 86 87 90 91 94 99 102 104 111
120122 124 1261281290

[rc 2 6 17 30 42 43 51 52 60 64 66 67 69 72 74 75 80 85 88 89 92 94 99 103 105 112
119121 124126128 1290

[re 2 8 22 35 42 48 50 52 61 63 65 67 70 72 74 75 80 86 88 89 92 94 99 103 105 118 0
122124126128 00]

[rc 19 22 35 38 48 50 53 60 64 65 67 69 72 74 75 80 86 88 89 92 94 99 103 105 117
120 121 124 126 128 129 136 )

re 1718 31 4248 51 55 61 64 66 68 70 72 74 75 81 85 88 90 93 94 99 103 105 113
120 122 124 126 128 129 136 )

{rc 1 8 13 26 42 47 51 53 61 64 65 67 69 71 73 75 80 86 87 §9 92 94 99 102 105 118
120 122 124 126 128 129 136 ]

frc 110 13 30 42 48 50 52 60 63 65 67 69 71 74 75 81 86 87 89 9294 10000 112 119
121123126128 131136 ]
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-- Info. for BIRDS/Poplog users

Note that sourcing fusr/local/poplocal/poplogin in your .login now sets cverything up for
Poplog use. Sourcing /usr/local/poplocal/popuclogin docs the same thing but arranges for
Ved to behave like MicroEMACS by default,

In Poplog, this fils is accossiblo us

TEACH COURSE/ESKA/PRACTICALL




