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Te’amim (singular: ta’am)

Torah cantillation signs (blue):
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Added together with vowels (red) by masoritic rabies during
sixth to tenth centuries.

Example: Song of Songs (Shir HaShirim)
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Example: Song of Songs (Shir HaShirim)
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“Va-yomer eved Avraham anokhi”

“And he said: | am a slave of Abraham.” Disjunctive vs. Conjunctive te’amim
Other Possible Meanings without Te’amim:

1)“Abraham’s slave said, ‘It is 1.”

2)“And the slave said: | am Abraham”
Disjunctive Accent etnachta

on the words

“va-yomer” (and he said)
Conjunctive Accent merha tipha

on the words

“eved avraham” (slave / Abraham) slave of Abraham:”
Meaning of Sentence with Te’amim :

“And he said: slave of Abraham [am] I.”
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Rendition

Rendition determined by:

* Text position

* Liturgy

* Local (oral) traditions

* Creativity of the performer

There are ethnomusicological archives with large amounts of
recordings from various traditions (Europe, Indonesia, Iran,
Jemen, Israel, ...).

Aim

Our (long-term) aims are to:

* investigate melodic stability and variability between and
within various reading traditions

test hypotheses about influences from outside Judaism (e.g.
Hanoch Avenary (1978): Christian Chant).

better understand the relationship between improvisation and
notation-based chant.

Current study:

Compare two renditions of the same text (Song of Songs) from
Askenazi (Hungary) and Sephardic (Morocco) traditions.

Computational Ethnomusicology
Traditional approach: listening and manual annotation

Recently: advances in computational ethnomusicology

(see e.g., G. Tzanetakis, A. Kapur, W.A. Schloss, and M. Wright. “Computational ethnomusicology”. Journal of
interdisciplinary music studies, 1(2):1-24, 2007).

Our approach:
* Automatic analysis of audio recordings
* Web-based, interactive, visualizations

Data Set

Askenazi reading (Hungary) of Shir-HaShirim (Song of songs)
Sephardic reading (Morocco) of Shir-HaShirim (Song of songs)

Audio has been segmented in separate te’amim by hand.

In each recording: c. 130 segments (te’amim renditions).
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Distance Measure for Segments

To investigate stability of pitch contours, we need an
appropriate distance measure for audio segments.

We have the contours available as sequences of pitches.

Sequence Alignment

OXOROZOROZOZO)
OZOXOZOZ 0RO,
00000010
® X @@@

GapinY Association Gap in X

Sequence Alignment

ONOROROROROR0)
OXOLOROROR0)

Which is the best / desired alignment?

Assign scores to associations and gaps.
Add those to get overall score for the alignment.
The best alignment is the one with the highest score.

Sequence Alignment

We use the Needleman-Wunsch algorithm: a dynamic
programming algorithm that given

* two sequences of symbols €—— pitch sequences
* aassociation scoring function
* agap scoring function

finds an alignment with the highest score efficiently.

Needleman, S. B. & Wunsch, C. D. (1970). A general method applicable to the search for similarities in the
amino acid sequence of two proteins. Journal of Molecular Biology, 48(3), 443-453.
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Phign : highest of the two most prevalent pitches. i
Py, : lowest of the two most prevalent pitches.
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Distance Matrix
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Distribution of Distances
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Retrieval Evaluation
Mean Average Precision values for various te'amim
Ta’am Average | Ta’am Average
(Morocco) Precision | (Hungary)  Precision
(Morocco) (Hungary)
sofpasuq 0.550 | sofpasuq 0.994
katon 0.399 | revia 0.967
tipha 0.306 | etnachta 0.945
mapah 0.299 | pashta 0.683
pashta 0.269 | tipha 0.673
revia 0.245 | katon 0.562
etnachta 0.234 | mapah 0.550
zakef 0.206 | merha 0.530
merha 0.158 | zakef 0.231
munach 0.147 | munach 0.179
kadma 0.036 | kadma 0.040
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Distribution of Distances
Distances between all pairs of sof pasuq
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Distances between all pairs of etnachta
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Distribution of Distances Conclusions

Distances between all pairs of tipha * Askenazi rendition is melodically more stable than Sephardic.

* Our findings seem to support the thesis of Avenary that
European cantillation has been influenced by christian chant:
recitation tone and final tone.
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Syntactically important te’amim are more distinct in the
reading.
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* Musicology-driven experimental setup is successful.

* Intensive cooperation is needed when building tools for
musicological research.
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Future Work

Data... data... data

* More recordings

* More performance traditions

Investigate optimal reduction of the derived scale.

Study variability within and between traditions at a large

Thank you
scale.

Gain more insight in melodic variation due to oral cultural
transmission.
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