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A.583.22 [Satz=B:- 1Jel-Messung bei Fernbetrieb]

A.583.22
[Sollen alle Buendel] El
lder VST gemessen werden?] N
J
[Soll diel E2
|Ausgabe auf MB
erfolgen?] N
MBG 01 J
[Magnetband
einhaengen]
DSS 02 DSs 03

[Satz-Buendel-Messung

mit

{BA = BINAER}

starten]
[Satz-Buendel-Messung
mit
{BA = ASCII}
starten]

[Endel
] e I

1 A.583.22.E1 I [Sollen alle Buendel der VST gemessen werden?]
I- 1
[Wenn "Ja" muss die Ausgabe auf Magnetband erfolgen.] [Weiter
mit SO1.]

{"Nein" bedeutet, dass nur ausgewaehlte Buendel der VST gemessen
werden.] [Weiter mit E2.]

I 1
1 A.583,22.E2 1 [Soll die Ausgabe auf Magnetband erfolgen?]
1 1

[Bei Messungen ausgewaehlter Buendel kann die Ausgabe auf
Magnetband oder Drucker der TD-EWS erfolgen.]
Figure 6-~2: Sample Page of Prepared Germau Telecommunications Text
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(0763 ######t###H#E14 #1433 4443444 )

A.583.22
A.583.22
[076 &i#4d 4 #4444 #F#44E  EL
F##drt i H#EHEFF 4444 ) N
J
[07654####### E2
{44414 E 1L
{44 #444E) N
MBG 01 J
[o766####H4#44
#L )
DSS 02 pss 03
L0767 #### ¢ #E###EFHELF T
#i#
FEEE LS
HHF S
(076 8##¢#L###144444444444
$#4
F## 443424444
H#1$44)
[0769###4#]
I I
I A.583.22.E1 1 [0770#¢#¢¢E¢44#04424434482¢44 4448440844488 14444)
1 1
[07 71 ¢ #4444 34343 F 4 EF 2441413144 4842334412444 #844448) (0772844044
HEF S )

(07 73 #4444 # 14 ELEH#E4 12 HE2 411 444344440444 1141 444 0 44 #4344 4 444
HH##EE] (077 addd##dHEdd##4444)

I 1
I A.583 22.E2 1 [0775###4##id444HL44E4 41144444344 E##E 4844 )
e I

(077 64 # ##44E# 4 #4744 HE# 4 # 2 H4HHH F #4444 2 43 444 #4144

#Ed i #E R EREE#EE# R # IR A R E 1 $ 44 )
Figure 6-3: Text Format Remaining in Document After Extraction




(0763
(0764
(0765
(0766
(0767
(0768
(0769
(0770
(0771
(0772
(0773

(0774
(0775
(0776

Satz-Buendel-Messung bei Fernbetrieb)

Sollen alle Buendel der VST gemessen werden?)

Soll die Ausgabe auf MR erfolgen?)

Magnetband einhaengen)

Satz-Buendel-Messung mit {BA = BINAER} starten)
Satz-Buendel-Messung mit {BA = ASCII} starten)

Ende)

Sollen alle Buendel der VST gemessen werden?)

Wenn "Ja" muss die Ausgabe auf Magnetband erfolgen.)

Weiter mit S01.)

“Nein" bedeutet, dass nur ausgewaehlte Buendel der VST gemessen
werden.)

Weiter mit EZ.)

Soll die Ausgabe auf Magnetband erfolgen?)

Bei Messungen ausgewaehlter Buendel kann die Ausgabe auf Magnetband
oder Drucker der TD-EWS erfolgen.)

Figure 6-4: German Items to Be Translated as Extracted From Sample Page of

e S i e

Prepared German Telecommunications Text
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(0763 peripheral circuit trunk group measurement in the case of

remote operation)
(0764 should all trunk groups of the VST be measured ?)
(0765 should the output occur on MB ?)
(0766 hang up magnetic tape)
(0767 start peripheral circuit trunk group measurement with BA = BINAER)
(0768 start peripheral circuit trunk group measurement with BA = ASCII;
(0769 end)
(0770 should all trunk groups of the VST be measured ?)
(0771 if "Ja" the output on magnetic tape must occur .)
(0772 further with S01 .) )
(0773 mean "Nein" , that only selected trunk groups of the VST are measured .)
(0774 further with E2 )
(0775 should the output occur on magnetic tape ?)

Figure 6-5: English Items as Translated Before Reconstitution Into Text




A.583.22 Peripheral circuit trunk group measurement in the case of
remote operation

A.583.22
Should all trunk El
groups of the VST be measured? N
J
Should E2
the output
occur on MB? N
MBG 0l J
Hang up

magnetic tape

DSS 02 DSs 03

Start peripheral
circuit
trunk group
measurement with BA = BINAER
Start peripheral
circuit
trunk group
measurement with BA = ASCII

End
I 1
I A.583.22.E1 7 Should all trunk groups of the VST be measured? .
I 1 1

If "Ja" the output on magnetic tape must occur.
Further with SO1.

Mean "Nein", that only selected trunk groups of the VST are
measured. Further with E2.

I- 1
I A.583.22,E2 1 Should the output occur on magnetic tape?
I- I

(077 6 ##E## i+ i+ EE# R R R R A
4t E AR R

Figure 6-6: Reconstituted English Text Before Human Revision
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remote operation

A.583.22
Should all trunk groups El
of the VST be measured? N
J
Should E2
the output
occur on MB? N
MBG 01 J
Hang up

magnetic tape

DSS 02 DSsS 03
Ztart peripheral Start peripheral
circuit trunk group circuit trunk group
measurement with measurement with
BA = BINAXR BA = ASCII
& End
I~ mm———-1
I A.583.22.E1 1 Should all trunk groups of the VST be measured?
) 1

If "Ja" the output must occur on magnetic tape.
Continue with SO1.

"Nein" means that only selected trunk groups of the VST are
measured. Continue with E2.

1 1
I A.583.22.E2 I Should the output occur on magnetic tape?
1 - 1

The output may occur on magnetic tape or on the printer of the
TD-EWS in the case of measurements of seiected trunk groups.
Figure 6-7: Sample Page of English Text After Human Revision
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7. METAL Applied to a 50-Page Text

In May 1980 LRC conducted a feasibility study regarding the question: Can
METAL be applied to production MT on a cost~effective basis? METAL was applied
to the translation of a 50-page German telecommunications text provided by the
Siemens Corporation. We first summarize the quantitative results, then turn
to an assessment of the quality and a discussion of cost-effectiveness.

7.1. Quantitative Results

Tables 7.1-7.4 summarize the machine performance statistics gathered during
the experiment, Each sentence was tabulated according to its length and the
type of success or failure experienced in attempting to translate it. For the
analysis phase, measurements included the number of words in each sentence,
the number of such sentences, the number of interpretations for each sentence,
the number of grammatical phrases instantiated, the number of such phrases
rejected on "semantic" grounds, the pure CPU time (exclusive of storage
management time) expended, the number of LISP cells (machine words) allocated,
and the fair CPU time expended. Similarly for the transfer/generation phase,
the pure CPU time, storage demands, and fair CPU time were measured.

The fair measure reported here includes the pure CPU time plus a pro-rated
portion of the time consumed by the LISP storage manager, as determined by the
number of cells (memory words) used per sentence. In a system with limited
address space, such as our DEC KI-1C, the large time constants involved in
storage management will, due to its relatively high incidence, significantly
increase the actual processing time for a given task. We feel it only fair to
include such overhead in our CPU time measurements, because one is billed for
storage management time as well as pure processing time. However, on a machine
with a larger address space the number of invocations of the storage manager
would decrease dramatically and, all other things being equal, result in a
significant decrease in fair CPU times. As an example of the variability in
this figure, improvements in METAL”s storage efficiency regarding lexical
entries resulted in there being more than twice as many cells available for
analysis purposes. This produced a 277 reduction in storage management time
per cell unit as a consequence of the reduced incidence of storage management.
The pure time figures, then, may be regarded as lower limits given the current
METAL system and a KI-10—equivalent CPU having a larger address space.

Tables 7.1-7.2 summarize the data for the items successfully analyzed, There
are two categories: (1) 213 l-word items without inflection, which were found
in the lexicon and translated directly (see Table 7.1), and (2) 780 items for
which recourse to parsing was necessary, either because a l-word item was
inflected (or unknown) or because the item was a phrase or sentence (see Table
7.2). The longest sentence analyzed contained 34 words. (There were only
three longer sentences in the text.) The fair translation times in Table 7.2
can be approximated by a piece-wise linear function: for sentences up to 7
words the slope is about 3 seconds/word, after which the slope increases to
about 5 seconds/word. Since 62% of these sentences are less than 7 words long,
the overall average slope is 3.66 seconds/word. There are four anomalies in
these figures: sentences of 15, 16, 17, and 34 words. A study of the raw data
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indicates that these are in each case due to a particular sentence which is
highly ambiguous according to our current grammar, and which therefore
requires abnormally large amounts of space and CPU time. The most important
point to observe is that the times are indeed linear, not polynomial or
exponential. This means that normal improvements can be expected to have
predictable and measurable benefits in terms of reduced ©processing
requirements. Another important point, discussed later, is that these times,
coupled with the measured translation quality, imply a substantial advance in
the state of the art in MT.

Table 7.3 summarizes the data for the 91 sentences not successfully analyzed
due to any of a variety of —reasons, but which were translated
phrase-by-phrase, after ‘'phrasal analysis" by the special procedure
USER___POSTPROCESSOR (see Chapter V). A graph of these data also demonstrates
linear behavior, with an average slope of 3.71 seconds/word. There is one
anomaly: a single 28-word sentence required much more than the expected amount
of processing.

Table 7.4 summarizes the data for 19 sentences for which the translation
attempt resulted in a complete failure of the program in that METAL produced
no translation. These occurred in the analysis phase, with one exception
occurring in the transfer phase. Essentially the only meaningful data here are
the number of sentences of each length fcr which this occurred, and the total
rumber of such instances.

7.2. Quality Assessment

The 213 successful l-word direct translations, plus the 780 successful
analyses with translations, constitute 90% of the sentences in the 50-page
text. The 9] analysis failures with phrasal translations constitute 8.3% of
the 1103 sentences in the text. The remaining 19 complete failures constitute
1.7%2 of the sentences. Because 8 sentences in the German source text were
found to have substantial errors resulting in poor or no translatioms, the
quality assessment in Table 7.5 assumes a base of 1095 sentences.

In addition to the automatic scoring program to categorize the results as
revealed in Tables 7.1-7.4, a staff linguist fluent in German, and with a
technical background, scored the translations. In particular, the
"successful” translations automatically assigned to Tables 7.1-7.2 and the
"failures" assigned to Table 7.3 were investigated to determine their
acceptability, if any. In general, the translations automatically categorized
as "successful" were precisely that: 937 of the English target strings were
well-formed, and were judged to convey the intended message. All of the 213
l-word direct translations assigned to Table 7.1 were judged acceptable; of
the 780 successfully analyzed sentences assigned to Table 7.2, only 68, or
6.8%Z of all analyses, were judged erroneous in translation. There were
various types of errors in the translations assigned to Table 7.3. In 13
cases the translations were perfectly good, except for the “|” characters
METAL inserts to notify the post-editor that & phrasal transliaticn has been
performed; another 19 were very good phrasal translations, with at most onc
word requiring deletion or reposition; 59 were 1lesser-quality phrasal
translations.




When investigating the causes of errors, it was determined that only a few
basic problems were present. For example, half of the 68 erroneous
translations where sentential analyses were produced resulted from failures in
only four linguistic rules. In addition, 63% of the phrasal translations were
necessitated by similar errors which prevented the achievement of a sentential
analysis. It is usually the case in such a system as ours that a few errors
in critical places will affect a disproportionate number of translations,
Correspondingly, it is also true that correcting these few errors produces a
large increase in reliability.

In the final analysis, there is no objective measure of translation quality.
What seems most reasonable to us is an operational definition: the amount of
time and effort required to revise the translations. Since post-editing is
standard operating procedure for human translation, it seems reasonable to
compare the post—-editing costs for machine translation with those for human
translation. Siemens AG informs us that post-editing human translations
- requires about 1/4 the time needed to perform the initial translation;
further, that the human translation rate for material similar to that employed
in this experiment is about four pages/day. From these data one can deduce
that the expected post-editing time for a human translation of these 50 pages
would be 25 hours. Using the various forms of output produced by our MT
system, and an unsophisticated on-line editing program, an LRC staff linguist
edited the reconstituted target text, reworking the phrasal translations and
producing original tramnslations where METAL failed to produce an acceptable
translation. The time required was 15 hours. Together with the 2 hours
required to prepare the original source text, editing time totalled 17 hours,
less than what would be expected in the case of human translation, And while
post-editing requires a highly-trained translator/editor, the preparation
task, as discussed in Chapter VI, can be performed by a monolingual person
with very 1little training. In addition, the use of one of the more
sophisticated text editing programs should reduce preparation and revision
time even further. Thus the total editing costs for material translated by
METAL may be considerably lower than the equivalent for human editing. This
constitutes a very significant advance in the state of the art in MT. No
previous system has demonstrated editing requirements approaching those for
human translation, to say nothing of reducing them.

7.3. Cost-Efrectiveness Determination

Table 7.6 summarizes the machine <costs entailed in performing the

translations. Table 7.7 presents the total cost encountered during this

experiment. Cost-effectiveness is of course determined by the cost of machine
i versus human translation, but for economic reasons one must include in the
: cost of machine translation an amortization of the costs of system development
| and maintenance, plus the cost of the necessary hardware. We assume an
amortization period of 5 years, and a computer dedicated to MT and directly
associated tasks (e.g., preparation and revision). We estimate the costs of
producing, operating and maintaining the system as follows: a development
period of 15 man-years at $25,000 per man-year, $400,000 for a suitable
computer, 5 man-years per year for system operation and maintenance at $25,000
per man-year, plus $150,700 for a license fee. Expenses thus total $1,550,000
over the 5-year period, or $310,000 per year. Siemens AG, with vast experience
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in translating highly technical material of this nature, reports a translation
cost of around $1 per line, including post-editing. At this raste, the machine
must translate -- and humans must revise -- 310,000 lines per year to break
even in 5 years. With 250 8-hour working days per year, the machine must
translate 155 lines per hour, or about 18 words per minute. Two or perhaps
three post-editors would be required for this volume of output. If this rate
can be sustained, which seems reasonable given our results, MI costs would
equal human translation costs during the amortization period and drop by a
factor of 2.5 thereafter.

There are other economic factors that work to MT”s advantage. The cost of
human translation is going up by about 10% per annum, while machine costs are
still dropping rapidly. More intensive application, e.g., working in multipie
on-line shifts or translating in "batch" mode during off-hours, would ensure
MT“s profitability even during the amortization period. Moreover, translation
into several languages from a single analysis would multiply MI“s
effectiveness, because most of the MT effort is expended in analyzing the
input. Thus it would appear that our experiments have demonstrated both
feasibility and cost-effectiveness for MI using METAL.
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Analysis Phase Trans/Gen Phase

Ln #S #1/S #P/S #R/S PurePT #Cells FairPT PureGT #Cells FairGT

1 213 0.0 0.0 0.0 0.01 2.0 0.0l .25 128.5 0.34

Table 7.1
Direct Trauslations
Of 1-Word Items
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#R/S -
PurePT
#cells
FairPT
PureGT
FairGT

Ln - Length of
#§ -~ Number of

Analysis [hase

Trans/CGen Phase

#Cells FairPT PureGT #Cells FairGT

1.0 9.3 5.1 1.61
1.7 48.4 33.4 2.60
1.5 37.5 22.6 2.80
1.8 75.7 51.8 3.82
7.1 140.2 86.8 6.00
3.5 214.4 138.3 8.89
4,0 261.5 17¢.5 10.39
€.4 242.7 143.0 16.05
6.6 215.2 123.4% /.16
3.7 317.6 Z95.F 47,69
7.5 426.1 223.1 31..5
8.6 416.1 23S.0 25.40
8.8 424.3 242.1 28.060
3.0 625.7 362.2 4].04
18.4 1359.5 907.0 94.39 1
30.0 1428.2 866.5 77.79
23.0 1014.2 61C.0 66.38
5.0 848.2 649.5 32.18
5.0 734.6 467.3 33.84
39 0 1099.5 667.5 60.29
8.0 1193.7 695.5 61.68
9.0 700.0 435.0 46.29
48.0 1012.0 558.0 67.72
60.0 2336.0 1764.0 251.20 3
T.bl
Successful

and Complete

10914.2 17.52  2.53 1130.4 3.27
13547 .3 24.20 3.73 1506.6 4.72
11562.3 21.72 2.78 1531.9 3.78
14983.8 27.48 4.10 1701.5 5.21
28090.8 49.53 4.23 1788.2 5.40
21479.2 39.43 4.33 1963.3 5.61

27208.7 46.38 4.70 2080.7 6.06
36165.7 64.67 4,79 2189.5 6.72
03042.0 161.71 7.03 2659.6 &.77
82997.0 132.02 5.82 289%.0 7.71
63314.0 107.75 5.83 2830.2 7.68
26147.2 49.27 7.53 2829.7 9.38
29329.3 53.00 3.82 2438.6 5.4l
58755.5 98.68  7.53 3154.2 9.56
56980.2 98.91 7.98 2983.5 9.93
32342.0 67.42 11,35 4741.9 14.45
55084.0 103.71 12.58 4767.0 15.69
26461.0 464.49  B.42 4927.0 11.64
e 7.2

Analyses

Translations

item to be translated
sentences (items) of the given length

Average number of interpretations/sentence

Average number of phrases instantiated/sentence
Average number of phrases rejected on semantic grounds
- Average pure parse time expended/sentence

- hAverage number of cells (memory words) used/sentence
- Average fair parse time expended/sentence

- Average pure trans/gern time expended/sentence

- Average fair trans/gen time expended/sentence

it et




Analysis Phase Trans/Gen Phase
Ln #S #1I/S #P/S #R/S PurePT #Cells FairPT PureGT #Cells FairGT
1 2 0.0 0.0 0.0 0.01 2.0 0.01 ¢.24 139.5 0.33
3 2 0.0 34.5 24.5 4,53 3242.0 6.65 1.55 494.5 1.87
& 1 0.0 114.0 68,0 4.68 4808.0 7.82 1.64 1076.0 2.34
5 1 0.0 65.0 42,0 2.8 2781.0 4.62 1.86 982.0 2.50
6 2 0.0 31.0 10.C 2.96 2154.5 4,37 0.81 860.0 1.37
7 5 0.0 119.0 77.3 7.11 5763.0 10.87 1.77 971.1 2.41
¢ 5 0.0 185.3 115.3 10.67 8571.0 16.27 3.59 1414,0 4.51
9 1 0.0 485.0 263.0 35.09 32636.0 56.42 2.62 1316.0 3.48
10 4 0.0 167.7 11i2.,2 11.3€ 8364.5 16.83 3.67 1704.5 4.78
11 10 0.0 380.4 252.3 18,59 17747.6 30.19 4.58 1959.0 5.86
12 2 0.0 363.0 267.0 19.12 14914.5 28.87 9.82 2567.0 11.50
13 3 0.0 399.6 247.0 22.01 19924.,6 35.02 5,78 2333.6 7.31
14 23 0.0 537.7 290.1 34.55 33526.0 56.46 5.65 2303.2 7.15
15 3 0.0 595.0 416.6 31.65 30566.0 51.62 8.66 3039.3 10.65
16 1 0.0 731.0 400.0 42.17 41119.0 69.04 5.24 2431.0 6.83
17 8 0.0 570.2 318.6 37.11 30873.1 57.28 7.36 2655.3 9.10
1¢ 4 0.0 361.0 229.2 23.25 18549.2 35.37 6.45 3087.5 8.46
1¢ 1 0.0 612.0 419.0 43.91 26375.0 61.14 6.17 2763.0 7.98
20 2 0.0 318.5 184.,0 25.29 20120.7 38.43 6.69 3207.0 8.79
21 1 0.0 416.0 268.0 38.31 23722.0 53.80 8.99 3391.0 11.21
22 2 0.0 969.0 743.0 33.33 27124.5 51.05 9.87 3405.5 12,10
25 3 0.0 530.0 341.3 28.26 25878.6 45.17 6.70 3440.0 8.95
28 3 0.0 1871.3 1304.3 109.32 99886.0 174.58 10.99 4536.3 13.96
29 2 0.0 1176.5 834.5 60.05 54948.0 95.95 8.82 4563.5 11.80
Table 7.3
Analysis Failures
With Phrasal Translations
Ln - Length of item to be translated
#S - Number of sentences (items) of the given length
#1/S - Average number of interpretations/sentence
#P/S - Average number of phrases instantiated/sentence
#R/S - Average number of phrases rejected on semantic grounds
PurePT - Average pure parse time expended/sentence
#Cells - Average number of cells (memory words) used/sentence
FairPT - Average fair parse time expended/sentence
PureGT - Average pure trans/gen time expended/sentence
FairGT - Average fair trans/gen time expended/sentence
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Analysis Phase Trans/Gen Phase

- - -

Lo #S #1/8 #P/S #R/S PurePT #Cells FairPT PureGT #Cells FairGT
13 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
14 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
t 15 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
! 18 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
f 19 1 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
i 200 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 3 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
29 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
36 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 1 0.0 887.0 583.0 42,29 37838.0 67.01 0.05 2.0 0.05
43 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
\ Table 7.4
Complete Failures
t No Analysis or Generation
Ln - Length of item to be translated
#5 - Number of sentences (items) of the given length
#1/S - Average number of interpretations/sentence
#P/S ~ Average pumber of phrases instantiated/sentence
#R/S - Average number of phrases rejected on semantic grounds
PurePT -~ Average pure parse time expended/sentence
#Cells - Average number of cells (memory words) used/sentence
FairPT - Average fair parse time expended/sentence
PureGT - Average pure trans/gen time expended/sentence
FairGT - Average fair trans/gen time expended/sentence
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Original document: 1103
50

22,1

lajor source errors: 8
Computation base: 1095
Analyzed: 985

Excellent trans. 917
Inadequate trans. 68

Not analyzed: 110
Excellent phrasal 32
Lesser phrasal 59
No trans. 19

Total errors: 178
Good phrasal 32
Lesser phrasal 59
Inadequate trans. 68
No tranms. 19

Sentences:

Good trans. @83.7%
Errorful trans. @16.3%

Quality Assessment

L,,, a— Mo A - . . ...:.4_

sentences

pages
sent /page

seuntences
sentences

sentences
sentences
sentences

sentences
sentences
sentences
sentences

sentences
sentences
sentences
sentences
sentences

22,06/ page
18.46/page
3.60/page

Table 7.5
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83.7%
6.2%

10.0%
2.9%
5.4%
1.7%

16.3%
(18%)
(33%)
(38%)
(11%)




Tatle 7.0 Table 7.2 Tabie 7.3

No. sentences 213 780 91
No. words 22133 4818 1258

Per sent. 1.0 6.2 13.8
Total parse time 2.13 sec. 4.21 brs. 1.12 hrs.

Per sent. 0.01 cec. 19.44 sec. 44.24 sec.

Per word 0.01 sec. 3.15 sec. 3.20 sec.
Total trans/gen time 72.42 sec. 0.68 hrs. 0.18 hrs.

Per sent. 0.34 sec. 3.15 sec. 6.99 sec.

Per word 0.34 sec. 0.51 sec. 0.51 sec.
Total trans. time 74.55 sec, 4,89 hrs. 1.30 hrs.

Per sent. 0.35 sec. 22.59 sec. 51.23 sec.

Per word 0.35 sec. 3.66 sec. 3.71 sec.
Total trans. cost $3.07 $729.47 $192.95

Per sent. $0.014 $ 0.93 $ 2.07

Per word $0.014 $ 0.151 $ 0.153

Table 7.6

Summary of Times and Costs
Where Translations Were Provided
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Fre-editing

Dissociation
Translation
Reconstitution

Post-editing

Total

Pre—editing:

' Dissociation:
Translation:

Post-editing:

Reconstitution:

Machine Cost + Human Time

$ 9 + 2 hours

S 12

$1090

$ 9

$ 15 + 15 hours

§1135 + 17 hours
Table 7.7

Total Machire + Human Costs
Encountered During Experiment

Marking sentence boundaries and resolvirng occasional
format difficulties in the source text.

Splitting the computer-typeset source text into
sentences to be translated and other material (e.g.,
flouchart boxes) to be maintained as is.,

Analyzing source- and synthesizing target-sentences.
Constructing a target text in typeset form, using
target—- in place of the origiral source-sentences.
Validation and, as necessary, emendaticn of the target
text, plus any required (re)translation of the source.

1-107




8. Conclusions

8.1. Implications of Achievimng Fully Automatic High Quality Translation

Man\ claims have been made for MT systems, and one may well ask whether those
for METAL have been overstated. A convincing answer may be obtained by
examiring its design and performance.

The design 1s in accordance with strict linguistic theory. Linguists have
long assumed the necessity of three components for & grammar: one to deal
with the segments, the phonological component; one to deal with meaningful
elements and their arrangements, the syntactic component; one to deal with the
! relations of these elements to the outside world, the semantic component.
Specialists in communication theory, following Charles Sanders Peirce, propose
three broader components: the syntactic, semantic and pragmatic, Only the
last of thesc has not been identified by earlier linguistic theory; it deals
with the relztions betweern language and users. These facets, which must be
included in a fully developed system of linguistic description (Bar-Hillel,
RADC-TR-71-295 1.93-94), have all been accounted for in the design of METAL.

Farlier sections of this report have discussed the treatment of the syntactic
and semantic components. A brief comment on the pragmatic component may be

‘ added here. Technical writing Imposes a different reletionship between

! language and users than do other uses of language. Lexical items are tuiore
carefully restricted in applicaticn, Syntactic patterns are strictly
regulated. Pragmatic facts can accordingly be determined with regard to
technical writing. Because technical writing 1s relatively straightforward,
technical materials are {ar more amenable to pragmatic treatment than are many
other types of language. For this reason too, descriptions of technical
writing are simpler than are descriptions of less restricted uses of language.
Additional features will be required to achieve adequate analysis of general
materials.

Advances 1n software and hardware have made the treatment of numerous features
manageable, as the sections above on the program component indicate. Further
improvements 1in design will bring greater speed of translation even as
additional features are introduced.

8.2. Operational Requirements

The aims and funding of the research yieldirg the METAL system permitted only
an experimental version. Past skepticism about the wviability of fully
automatic high quality translaticn required demonstration of its feasibility
on the ovne hand and of economic advantages on the other. Since both have been
demonstrated, METAL can now be expanded to an operational system.

For this expansion the lexicon of any given field must be described as
thoroughly as that of German telecoumunicaticns has been, There 1is in
principle no limit on type of vocabulary which can be handled. Nor are there
limits on syntax. New syrtactic patterns will inevitably occur. They will
require modification of the current rules, a process calling for highly
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capable linguists but in no way impossible. It might well be noted that METAL
was developed under very trying conditions for both software and hardware.

8.3. Contributions of Further Research

Linguistic analysis in the past has been carried out as was research in the
physical sciences two centuries ago. Scholars and their students analyzed
whatever data interested them. The process led to important discoveries, much
as did the activity of chemists and physicists at their work~benches. But the
linguistic data that could be analyzed in the past were infinitesimal compared
with data currently available. Results of research based on such data are
eloquently discussed by one of the leading French linguists (Maurice Gross, On
the Failure of Generative Grammar, LANGUAGE 55 [1979]) 859-885). Operational
MT will bring the possibilities for improved linguistic research discussed by
him into realization.

Benefits for our understanding ci language might be stated at length. For
brevity, 1llustrations will be given for only a few points of Bar-Hillel's
summary (RADC-TR-71-295 1.93-94). Ongoing analysis of large quantities of
data will provide "information about speech act conditions and conversation
rules," resulting in the production of a "theory of discourse.” It will also
provide means for testing theories of natural logic by which one may make
"judgements on the success of an argument"” or by which "the appropriateness of
elements in conversation can be deduced." Linguists have been hampered in
dealing with these topics, and may well be troubled by the analysis of huge
quantities of data. Yet as Gross points out, size of these data "would be
considerably smaller than the number of pictures taken daily from bubble
chambers and analyzed by physicists" (1979:879). In short, linguistics will
enter a new phase of research.

The benefits resulting from finer analysis of texts also need little
elaboration. MT is only the first step in data processing. If language can
be analyzed for translation, it can also be treated for content. Use of
semantic features, like those incorporated in METAL, will make possible great
advances in access to data. The simple methods now in use for data retrieval
and indexing compare in sophistication with first—-generation MT. More
advanced applications, such as fact retrieval, will follow. As such
applications are developed linguists concerned with translation will receive
far greater recognition than they have in the past, much as chemists,
physicists, and other specialists were accorded recognition when they moved
from individual tasks to more theoretical ones on the one hand and more
managerial tasks on the other. Translators will finally be recognized for
their professional competence rather than merely as slightly more skilled than
any bilingual speakers.

Finally, a society with more than half its members professionally involved in
communication needs appropriate means to process documents rapidly and
efficiently. METAL illustrates the capability of linguistics and computer
sciences to provide such means.
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APPENDIX A-l

LRC Lexical Data Bases for MT

We record (“code”) lexical information into matrices which will become
“entries” used in mechanical translation, currently from German to
English. The skeletal matrices for potential lexical rules cnnsist of
lists of general attributes (“features”) which characterize the various
lexical categories. These lexical categories roughly correspond to
traditional parts of speech, as can be seen from the list under "CAT",
below.

For each feature, particular “values” pertinent to the word-sense are
specified by a human coder or assigned by the computer. The value for
onset (ON), the consonantal or vocalic quality of the sound a word
begins with, for instance, can be automatically determined for most
words, but the grammatical case governed by a given verb requires human
knowledge.

The features used by the system in parsing and generating natural language
can be considered in two groups, systemic features and specific features.

Systemic features, identified by their three-letter acronyms, are a
required component of every lexical entry regardless of language or
particular part of speech. Since they are universal to the system, these
features are described here in the introduction rather than repeated in
the write-up for each lexical category. (For reasons of economy the
descriptions of very lengthy value sets which apply to features in a
numbey of lexical categories are listed separately in Appendix A-2, A-3,
and A-4.) Two of the universal system features, CAN <canonical form> and
ALO <allomorph>, are also discussed irn certain of the lexical category
descriptions since the choice of values is sometimes conditioned by the
paradigmatic patterning of the lexical entry.

Language- and lexical-category-specific features, identified by having
two-letter acronyms, are determined by the language and the part-of-speech
(CAT) to which the lexical entry belongs. Thus they cannot be considered
universal. (In fact, categories such as the PRFX <verb “prefix”> in
German and English do not require any language- or category-specific
features at all and thus only carry the obligatory systemic features.)
The specific, as opposed to systemic, features carry morphological,
syntactic, and semantic information necessary to ensure quality transla-
tion. Although the same featur: may be used ir more than one language,
or more than one lexical category within a single language, neither the
use of the feature within the syster: nor the relevant values are neces-
sarily the same. The reader is thus referred to the irndividual CAT
<lexical category> sections for ¢ description of these features,
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The nine features common to all lexical categories are:

CAN
ALO
CAT
PLC
PRF
LEX
SNS
CNO
TAG

CAT <lexical category> refers to the class of lexical entries in which
This feature corresponds loosely to
The values are:

the word or affix partic:pates.
the traditional

canonical form
allomorph

lexical category
placeuent
preference

lexical collocation
sense number
concept number
provealence tag

AST

NST

VST

MDX*
DST

DET
PREDET
LoC

MAN
PREVB
™P

DEG

PRT

CON

PRFX
CONJ
PREP

PRN
N-FLEX**
A-FLEX**
D-FLEX**
V-FLEX*¥
N-INFIX¥**
V- INFIX¥%
PNCT**

concept, part-of-speech.

=

=

adjective stem
noun stem
verb stem

= modal/auxiliary

= determiner stem (German only)
= determiner

L}

predeterminer
locative adverb

= manner adverdb

= (adverbial) preverb
= temporal adverb

= degree adverb

"

i

[

adverbial particle
connective adverb
adverbial “prefix”

= conjunction
= preposition

"

prounoun

= noun inflection

noun

adjective inflection
determiner inflection

= verb inflection

noun infix
verb infix
punctuation

*Certain auxiliaries such as "sein", "haben", '"werden", "be",
1 ¥ s
"have", "will", form their own categories, but for convenience
. . . . .
in discussion we refer tu them as “MDX

*%Ag the inflectional and punctuation categories utilize only

the standard set of systemic features, they are not included
among the following write-ups.
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CAN <canonical form> corresponds roughly to the concept of “morpheme”
or “lexeme”. It is a single form which is used to represent all the
variations a word may take due to paradigmatic or stylistic manipu-
lation. Usually the form most likely to be included ir a dictionary
is selected, such as nominative singular for nouns, the infinitive
for verbs, etc. Multi-word entries are handled variously, according
to category. Particular instructions for selection of the CAN may
be found in the write-ups for certain lexical categories.

When two different morphemes have identical canonical forms, a number
is added to the alphabetic sequence to make them distinct, e.g., FASTI1,
FAST2, etc. Divergent senses of the same word may be further distin-
guished by differing values for SNS <sense number>, as described below.

During translation, transfer keys on the CAN for lexical items. In
actual entry format the CAN is not marked by the acronym but by its
position as the initial element, which makes the letters "CAN" super-
fluous.

ALO <allomorph> represents the actual surface string. If it is a phrase,
for instance, blanks are used where expected. The concept corresponds
to that traditionally associated with “allomorph”. Thus variants of
a word such as "mice"/"mouse", "man"/"men", or "be"/"am"/"was"/"were"
would be assigned to ALC according to the actual string covered by the
entry but all of the ALO"s for a paradigm must have the same CAK
<canonical form>. Additional details and examples may be found in
the individual write-ups.

PLC <placement> indicates the position of a morph with respect to other
morphs contaired within the same word. The values are:

WF = word final (the entry cannot be followed by
another morph: it must be followed by a
word boundary such as blank or punctuation)

WI = word initial (the entry cannot be preceded by
another morph: it must be preceded by a
blank, punctuation, or sentence initial
position)

NI = non-initial (the entry must not be the initial
morph in the word: it cannot be preceded by a
word boundary but must be preceded by another
morph; suffixes are typical examples)
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NF = non-final (the entry must not be the final morph
in the word: it cannot be followed by a word
boundary but must be followed by another morph;
prefixes are typical examples)

Note that these values frequently occur in clusters. Inflectional
endings must be suffixed to another morph; in addition, they must be
the final element in the word (WF NI). A derivational prefix, on
the other hand, must be word initial and be affixed to the front of
another morph (WI NF). An infix might require both preceding and
following morphs (NI NF), whereas a pronoun may only occur as an
unbound form (WI WF).

PRF <preference> is used to prevenft multiple translations where they are
not justified. It does so by giving certain readings preferred
treatment over others. Thus a noun compound which 1s entered in the
lexicon as such 1s given preference over a reading which finds its
individual sub-components and analyzes them. The system does so by
means of a weighting factor indicating how highly valued a particuler
analysis may be. Values are numeric, with 1 indicating no preference;
2 multiplying the weighting factor by 2 ("twice as good"); and 0.5
dividing the value by 2 ("only half as good"). The weights of the
individual nodes are carried on up through the sentence. At the time
of transfer, the tree with the highest valve is attempted first; should
it fail, the next highest which succeeds is selected.

LEX <lexical collocation> Morphemes which occur in idiomatic or
quasi-idiomatic expressions whose elements may be discontinuous are
marked by this feature. It “triggers” the system to look for the
related elements so that they may be translated as a unit rather than
as a sum of the individual literal meanings.

When the elements of such a locution are invariably contiguous, it
may be entered in the lexicon as a single entry containing blanks,
with appropriate preference rating (PRF). This is more economical
since it aveids the necessity of applying the special idiom look-up
and reordering routines.

(Note that even in phrases whose words would ordinarily be
contiguous, inflectional endings such as past tense may intervene,
necessitating entry as a lexical collocation because of the internal

variable.) The values for LEX are:

T = true - the element is used in an expression
which includes internal variables (i.e., is
discontinuous)

NIL = 1lexical collocation look-up is not applicable
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SNS <sense number> is used to indicate different scises or meanings of
the same string. The values are numbers, often preceded by a letter
specifying a particulzar reference dicticnary, and are assigned by the
system or by the coder as a means for distirguishing homographic

entries,

CNO <concept number> groups semantically related words together, both
within a single language and across several languages. Thus the verb
"compute', the nouns "computer" and “computation", and the adjective
"computzble'" would share the same concept number, the particular
translation being the part of speech required by the sentential

context.

TAG <area of provenience tag> indicates the discipline(s) in which a
particular word or word sense is most likely to be used. Often a term
has both a technical and a general meaning. The translation would
differ depending upon the discipline being translated, which is keyed
by TAG. (Sec Appendix A-4 for lists of TAG values.)
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GERMAN ADJECTIVE FEATURES

CAT = AST
*CAN canonical form
*ALO allomorph
CL inflectional class
{cA} grammatical case
{NU} grammatical number
{GD} grammatical gender
{IN} inflection
{DG} degree
{P0} position
CP capitalization
RM “case” role of modificand
™ semantic type of wodificand
MM surface marker of modificand
FM syntactic form of modificand
‘ RC “case” role of complement
i TC semantic type of complement
l MC surface marker of complement
‘ FC syntactic form of complement
SP occurs in special frame
AF grammatical form of adjective
HG homographic with
DF derivable from
*CAT lexical category
*PLC placement
*PRF preference
*LEX lexical collocation
*SNS sense number
*CNO concept number
*TAG area of provenience tag

(Asterisks mark systemic features described
generally at the beginning of this appendix.
Those set off by {} are brought in by means
of the CL <inflectional class> feature during
processing rather than coded separately.)

DISCUSSION: When coding a German adjective it is first necessary to
determine how many stem forms the adjective has. This is because
multiple forms will require separate lexical entries. An adjective such
as "schlecht", for example, would require only one entry, since the
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positive, comparative, and superlative forms ("schlecht", "schlechter"
"schlechtest") all make use of the same stem, "schlecht". On the other
hand, an adjective such as "alt", which may be umlauted ("alt", "aelter",
"aeltest"), has two stem forms and would require two separate lexical
entries, one for "alt" and one for "aelt".

Although not normally the case, a German adjective may have as many as

four distinct stem forms:

Example Stem Degree Syntactic Position
der Berg 1st hoch hoch positive predicative only
der hohe Berg hoh positive attributive only
der Berg ist hoeher hoeh compar- predicative or
der hoehere Berg ative attributive
der Berg ist am hoechsten  hoech super- predicative or
der hoechste EBerg lative attributive

Each distinct stem form will be the basis for a separate lexical entry

Each of the four entries above would have "hoch" as its CAN <canonical
form> and the particular stem as its ALO <allomorph> (as illustrated
under ALO below).

CAN <caronical forw> is usually the positive predicative form of the
adjective. If the adjective cannot be used predicatively, e.g.,
"hiesig" or "ober", its attributive stem is used without endings.
alternative spellings of the predicative form are possible, e.g.,
"feig/feige", the shorter form is chosen.

ALO <allomorph> does not need to be coded unless a stem form differs
from the canonical form of the word. The adjective "hoch", as
mentioned above, would require four separate entries with the
following values for CAN <canonical form> and ALO:

If

CAN hoch hoch hoch hoch
ALO hoh hoch hoeh hoech
Adjectives such as "alt" and "dunkel" would require two entries each:
CAN ait alt
ALO alt aelt
CAN dunkel cdunkel
Al ) dunkel cunkl
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CL <inflectional class> specifies inflectional affixes which may occur
with a particular adjective stem. The values are a combination of a
degree-class identifier plus a marker designator, which serve to
identify the endings for the ALO <allomorph> in each of the following
categories:

(1) positive attributive form (values begin with PA-)
(2) positive predicative form (values begin with PP-)
(3) comparative form (value begins with C-)
(4) superlative form (values begins with §-)

In coding, each ALO <allomorph> should be assigned at least one and
not more than five values for CL <inflectional class>, depending upon
how many categories are relevant to the particular stem form being
coded. For example, the adjective '"noetig" would receive the
following values for CL:

{ ALO CL
noetig (PA-N PP-@ C-ER S-ST)

i Positive Attributive Values indicate whether the ALO may be used
\ attributively and, if so, what endings it takes.

PA-N = wused attributively with normal adjective endings
(ein rotes Auto, die schoene Frau)

PA-0 used attributively without endings

(ein rosa Kleid, das Muenchner Bier)

(no value) not used attributively (hoch, groess)

Positive Predicative Values indicate whether the ALO <allomorph> may
be used predicatively and, if so, whether it takes a zero or -e

ending.
PP-§ PP-E = used predicatively with zero or -e ending
(der Mann ist feig/feige)
pPP-¢ = used predicatively with zero ending only

(das Kleid ist schoen)

(no value) not used predicatively (hiesig, ober, link)




Ccmparative Values indicate whether the ALO <allomorph> has a
comparstive form.

C-ER = used comparatively with -er/-er- affix

(die schoenere Frau, dieser Mann ist aelter)
used comparatively with no affix

(eine bessere Loesung, dieser Berg ist hoeher)
not used comparatively (ober, gross, gut)

c-¢

(no value)

Superlative Values indicate whether the ALO <allomorph> has a
superlative form and, if so, which affix is used to build it.

. S-ST S-EST = wused superlatively with -st- or -est- affix
f (die stupidste/stupideste Arbeit)
S-EST = used superlatively with —-est- affix only
(das kuerzeste Stueck, der Diamant ist am haertesten)
$-ST = used superlatively with -st- affix only
(das schaerfste Messer, der Mann ist am feigsten)
$-T = used superlatively with -t- affix only
(die groesste Freude, dieses Buch ist am groessten)
S-0 = used superlatively with no affix

(die meisten Studenten, die Loesung ist am besten)

(no value) not used superlatively (rosa, Muenchner, gross, hoch)

CA <grammatical case> has the traditional values:

= nominative
genitive
dative

= gaccusative

> o 0z
i

NU <grammatical number>

SG
PL

singular
plural
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GD <grammatical gender>

M = masculine \
feminine
neuter

oo}

IN <grammatical inflection> is coded to allow for various combinations
of prenominal modifiers.

ST = strong :
WK = weak .

DG <degree of comparison>

POS = positive
COM = comparative
SUP = superlative

PO <syntactic position> is required since some adjectives take different
inflectional affixes depending upon whether they occur before a noun
(attributive) or after the copula (predicative).

ATR = attributive
PRD predicative

[}

CP <capitalization> is used to indicate adjectives that are derivatives
of proper nouns.

UC = upper case (proper noun derivative)
LC lower case (not a proper noun derivative)

RM <role of modificand> refers to the semantic relation of the
modificand. For the majority of adjectives entered in the lexicen as
adjective stems, this feature is superfluous as it is not used by
subsequent syntactic rules (most adjectives can be used with almost
any noun). However, deverbative nouns (which are created from verb
stems by the grammar) do place restrictions upon the function of
their modificands, present participles generally modifying their
agents and past participles more frequently modifying their targets.
The values are those for central case roles (see Appendix A-3 for a
complete list), in particular:
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AGT = agent
TAR = target
INS instrument

TM <semantic type of modificand> specifies the semantic character of
nouns which can be modified by the adjective. For example, the
adjective "zornig" can refer to something which is animate (die
zornige Frau) or to an abstraction {(der zornige Blick) but rot to am
inanimate object (* der zornige Steir). Values for delineating such
characteristics are to be found in the semantic type matrix in
Appendix A-2.

MM <modificand marker> This feature is redundant ir that adjective forms
do not restrict the case or prepositional markers of the nouns they
modify. It is thus not coded for most adjectives. However, certain
adjectives which are derived by the grammars from verbs may carry
such restrictions from their stem forms. This information 1is
retained for ease in transformation should an adjective form not be
selected for translation. See MA <mark of argument> in the Verb
feature description for additional information.

FM <syntactic form of modificand> specifies the constituent classes
which may be modified by the adjective.

NP = adjective may modify a noun phrase [DEFAULT]
€P = adjective may modify a complement phrase or clause

RC <role of complement> refers to the “case grammar” roles which the
complement of the adjective can play. Values for this feature are to
be found in a separate list (see Appendix A-3).

TC <semantic type of complement> indicates semantic restrictious on the
argument which functions as complement to the adjective. The values
are those of the semantic type matrix (see Appendix A-2).

MC <complement marker> may take the form of a grammatical case, a prepo-
sition, or a grammatical constructicn.

G = genitive
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FC

SP

AF

HG

D = dative
A = accusative

= (any prepositions, the value being their canonical form)
(Sie ist auf eine Unterstuetzung angewiesen.)

TH = "dass" clause
(Es ist wichtig, dass der Wagen repariert wird.)

FT = infinitive complement
(Es is notwendig, den Motor auszutauschen.)

WH = subordinate question
(Es is aber fraglich, ob wir einen finden werden.)

<syntactic form of complement> specifies the constituent which
functions as the complement or object of the adjective,

PP = prepositional phrase
CP = complement phrase or clause

<special grammatical frames> are special constructions into which
certain adjectives may be inserted.

PD = personal dative frame: "Mir ist M
(Mir ist kalt/warm/schlecht/angst und bange)

ID = impersonal dative frame: '"Das ist mir .
(Das ist mir bekannt/neu/gleich/egal)

<grammatical form of adjective> is used, for German, to indicate a
deverbative adjective.

PAPL = past participle (der gedeckte Tisch)
PRPL = present participle (fliessendes Wasser)

<homograph> Adjectives which have the same spelling as another part
of speech are given values indicating the syntactic class or the form
matched.

NO = noun

VB
OTR

verdb
other part of speech
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Although the above feature is not used by the system at present,
it may be included in the current lexical entries as the basis for
disambiguation rules to be incorporated into the finished system.

DF <derivable from> will be assigned to derived adjectives, usually
deverbative forms such as participles, but also certain adjectives
derived from noun stems or other adjectives. This feature is to
particularize the underlying word in the event that some of its
grammatical characteristics may have been carried along during

derivation.
VI = intransitive verb
VI = transitive verb
VR = reflexive verb
ADJ = another adjective
NO = noun
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ENGLISH ADJECTIVE FEATURES

CAT = AST
*CAN canonical form
*ALO allomorph
CL inflectional class
{pG} degree
H NU grammatical number
CP capitalization
RM ‘case” role of modificand
™ semantic type ot modificand
MM surface marker of wodificand
FM syntactic form of moditicand
RC “case” role of complement
TC semantic type of complement
MC surface marker of complement
FC syntactic form of complement
PO position
! SQ sequence among adjectives
l NN number when nominalized
LY to derive related "-1ly" adverb
AF grammatical form of adjective
HG homographic with
DF derivable from
3 ON onset quality
‘ *CAT lexical category
*PLC placement
*PRF preference
*LEX lexical collocation
*SNS sense number
*CNO concept number
*TAG area of provenience tag

(Asterisks mark systemic features described
generally at the beginning of this appendix.
Those set off by {} are brought in by means
of the CL <inflectional class> feature during
processing rather than coded separately.)

CAN is a quasi-canonical form of the word used to identify related
lexical entries. For adjectives 1t is typically the positive form.
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ALO <allomorph> is, ordinarily, the sequence of letters that remains the
same whether the word is positive, comparative, superlative, or takes
the "-1ly" as an adverb. E.g., the upper case portions of the
following words—-

CAPABLe SNUG CLOSe READy FULL
more CAPABLe SNUGger CLOSer READier FULLer
most CAPABLe SNUGgest CLOSest READiest FULLest

CAPABLy SNUGly CLOSely READily FULLy

(The exceptions are largely the irregular adjectives such as "good/
better/best", for which each form is coded in a separate entry with
"good" as the CAR <canonical form> and "good", "better", and "best"
as the ALO s.) The examples shown under CL <inflectional class>
illustrate varieties of ALO’s.

CL <inflectional class> denotes the set of inflectional endings

| (including the zero affix) which apply to the ALO <allomorph>. The
values specify the affixes for the positive, comparative, and
superlative forms of the word. A zero signifies that no affix is
required; absence of a P-, C-, or S-value signifies that the

ALO <allomorph> does not occur in that degree.

! Positive Comparative Superlative
| pP-0 c-9 S-0
P-E C-ER S-EST

| P-Y C-BER S-BEST

i C-DER S-DEST

[ C-GER S-GEST

| C-IER S-1EST

| C-MER S-MEST

| C-NER S-NEST
C-TER S-TEST
C-THER S~THEST
C-MORE S-MOST
C-E+MORE S-E+MOST

Although nearly 400 combinations are theoretically possible, less
than a score have actually been found to occur. These are shown on
the following page. [The hyphen, used to indicate that the example
word is truncated, is not coded.]

A gl
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Examples

Value clusters

low, vast, few, full

simpl-, abl-, clos-, whit-

glib, drab

mad, bald

snug, big

slim, dim

thin, tan

hot, wet

far

read-, lowl-

capabl-, irascibl-

photographic, Greek, lateral, ablaze

less (1)

whol-, singl-

more, better, worse, less (2)

first, most, least, utmost, last,

best, worst

up, above, adrift, absent, ultimate,
bad, latter, adoptive, ablative,
well-advised, accelerando, damn,
abdominal, good, much, many

CL(P-9
CL(P-E
CL(P-0
CL(P-¢
CL(P-¢
CL(P-9¢
CL(P-9
CL(P-§
CL(P-¢
CL(P-Y
CL(P-E
CL(P-¢
CL(P-9
CL(P-E)
cL(c-¢)

CL(S-0)

CL(P-9)

C-ER
C-ER
C-BER
C-DER
C-GER
C-MER
C-NER
C-TER
C-THER
C-1ER
C~-E+MORE
C-MORE
C-ER)

S-EST)
S-EST)
S-BEST)
S-DEST)
S-GEST)
S-MEST)
S-NEST)
S-TEST)
S-THEST)
S-1EST)
S-E+MOST)
S-MOST)

DG <degree> is in brackets above because it is introduced by the CL
<inflectional class> value selected rather than coded in the lexicon.

NU

CP

POS = positive
COM = comparative
SUP = superlative

<grammatical number> of the modificand is specified when that is

restricted to just singular or just plural.

SG
PL

singular only ("solitary" [i.e., "sole"])
plural only ("various", "numerous")

<capitalization> marks those adjectives which are likely to be
capitalized in situations other than at the beginning of a sentence

or in a title.

uc = upper case ("French", "Texan")
upper case / lower case ("Roman'"/"roman")

UucC LC

LC lower case [DEFAULT]
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RM <“case” role of the modificand> The values are the the same as for
the other “role” features. (See Appendix A-3)

TM <semantic type of modificand> takes values from the noun feature TY
<semantic type>. As at times the same semantic values do not apply
to an adjective in both the pre-wmodificand and post-copula positions,
the satisfaction of this feature may necessitate multiple entries.

MM <marker of modificand>

TH = fits both frames, "it was ADJ that this happened",
and "that this happened was ADJ"
{(e.g., "it was unfortunate that this happened",
"that this happened was unfortunate')

FT = fits both frames, "it was ADJ for NOMINAL to VERB",
and "for NOMINAL to VERB was ADJ"
(e.g., "it was unusual for Regina to faint",
"for Regina to faint was unusual")

1 PI = fits both frames, "NOMINAL”s VERBing was ADJ" and
! "the fact that NOMINAL VERBed was ADJ"

(e.g., "Bob”s playing was remarkable"

“the fact that Bob played was remarkable")

U = unmarked (for NP modificand)

FM <syntactic form of modificand>

NP
Ccp

noun or noun phrase
complement phrase or clause

RC <role of complement> refers to Fillmorean “case” roles that indicate
the semantic function(s) of the type(s) of prepositional phrase(s)
closely associated with the adjective. Such phrases are especially
common with deverbative adjectives, but they also occur with non-
derived adjectives, e.g.,

necessary for something
deficient in something

The value of RC is the functional role of the following prepositional
phrase. For a list of the possible values, see Appendix A-3.
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TC <semantic type of complement> See semantic type matrix, Appendix A-2.

MC <syntactic marker of complement> takes the form of a preposition

which typically follows the adjective (e.g., "absent + from", "happy
+ about"). Such prepositions mark predicate complement constructions
similar to those found with verbal expressions, e.g., "Jane talked
about the party", "Jane was vociferous about the party". (If the
preposition invariably occurs or there are instances in which the
object of the preposition can only be a gerund, accommodation for
this will need to be made ir the coding.) A prepositional value for
this feature is always to be associated with the PO <position> values
AFTCOP and AFTSUB.

= (appropriate preposition)

TH = "that"-complement
Fits the frame "she was ADJ that something happened"
(e.g., "she was glad that they succeeded")

FT = "for...to" complement
Fits the frame "she was ADJ for somebody to do it"
or " she was ADJ to do it"
(e.g., "she was willing for them to leave")
"she was ready to go home"

WH = "wh"-word complement
Fits the frame "she was ADJ wh_ it was"
(e.g., "she was uncertain who/where/why/etc. it was")

FC <form of complement> refers to the syntactic constituent which may
function as a complement.

PP = prepositional phrase
CpP complement phrase or clause

PO <position> of the unmodified adjective in relation to the other
constituents in the clause. No value is coded if only the usual
BEFMOD and AFTCOP apply.

BEFMOD = before its modificand
AFTCOP = after copula
AFTSUB = after the subject

i i e PR P N
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MSR =

can occur postposed in a construction of the type
"five miles long", "ten man strong". [Note that the
noun in such constructions cannot function as the
subject of a sentence. Higher level rules will be
needed to account for other circumstances in which a
mwodified adjective may-- or even must-- follow its
modificand (e.g., "paint the town red", “a man angry
enough to...", "a terminal-specific program".]

SQ <sequence> notes the slot the word would ordinarily occupy in a
string of prenominal modifiers, as in--

or

"all (the) first fifty huge beautiful
tapering vermilion Minoan pillars"

"the next six short hairless elderly
green Martian astronauts"

Most adjectives fall into a quality/characteristic category (e.g.,

"beautiful",

"hairless") which is the default value. So far, ten

kinds of modifiers have been noted which take a typical position

preceding a

noun modificand. [Certain extremely common adjectives

like "little" and "old" do not seem to sequence consistently. Ordi-
narily, however, in both German and English, a forward shift in
sequence confers emphasis (e.g., "Persian illuminated manuscripts",
which focuses on the provenience as "illuminated Persian manuscripts”

does not).]
PDT =

DET =

SEQ =
CNT =
siz =
SHP =
AGE =
CLR =
OTR =

PTI =

predeterminers, q.v.

determiners (which include indefinite adjectives such
as "some" and "many"), q.v.

“sequencers” such as ordinal numerals or "next"
“count” words {i.e., cardinal numerals)

size

shape

age

color

other characteristic [DEFAULT]

personal title ("Mrs.'", "Lord", "Comrade")
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NN <number when nominalized> refers to grammatical number where only a
singular or only a plural verb can be used with the word when it 1s
nominalized by "the". (N.B., the nominal must not take a plural
suffix.) Since in some context or another almost any adject:ve can
be so nominalized, we will rely upon reference sources to determine
which adjectives to code this feature for.

SG = typically only singular ("the departed"”, "the
Almighty", "the sublime")
PL = typically only plural ("the dead", "the mighty")

LY <to derive related adverb> specifies the affix by which a
semantically related advert, :f such exists, may be formed from the
ALO <allomorph> of the adjectiv: [The ALG s given as examples here
are from the group used to illustrate the infiectional classes. Maay
of those, of course, do not form derivational adverbs {(e.g., "Greek",
"accelerando", "few"), while others ('iow'", "adrift", "farther",
"less", "best") are homographic with their related adverb.]

¥ = ("simpl—", "abl-—", "singl-—", "full', "capabl-—", "irascibl-")

LY = (®*%¥"first", **"most", "whol-", "vast", "bald" [=unadorned],
lldim", "thin", "gl ib"’ "drab"’ "wet"’ "hOt" [=angry] s 'lmad",
"snug', "ultimate", "adoptive', "bad", "lateral", "abdominal'')

ELY = ("clos-", "whit-")

ILY = ("read-")

ALLY = ("photographic")

¢ = ("low", "adrift", "less", **"first", **'"most")

%% "Firstly" and "mostly"” exist, as well as "first" and "most".

Although not presently being used by the system, derivaticnal rules
could permit multiple forms to be derived from a single lexical
entry, saving storage space in the lexicon. Also, inclusion of such
correspondences may allow flexibility in translation when the part of
speech differs from one language to the other.

AF <grammatical form of the adjective~

N+ED = noun with '"-ed" meaning '"having" ("bearded", "red-eyed",
"experienced", "figured")
11-20
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PRPL = ends in "-ing" and could be confused with a true
verb in participle form ("convincing", "becoming",
"acting", "cutting", "engaging")

PAPL = related to a past participle ("distinguished",

"accomplished", "collected", "decided")

HG <homograph> marks adjectives which have the same spelling as another
part of speech, The values indicate the syntactic class of the form

matched.
NO = noun other than gerund ("content", "dark", "African")
INF = infinitive ("direct", "equal"”, "content", "desert")
ADV = adverb ("far"”, "more”, "worse", 'deep", "farther",

"farthest"’ "last"’ "up"’ "ab0ve", "fil‘st", "best",
"adrift", "less", "least",