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ANALYTICAL 
APPROACHES TO 
TAURHIPHANIE AND 
VOYAGE ABSOLU 
DES UNARI VERS 
ANDROMÈDE BY  
IANNIS XENAKIS
INTRODUCTION
Iannis Xenakis’s electroacoustic work represents only a small percentage 
RI�KLV�PXVLFDO�SURGXFWLRQ��+RZHYHU��DV�0DNLV�6RORPRV�SRLQWV�RXW��WKHVH�
fourteen works represent real milestones, “masterpieces of absolute 
RULJLQDOLW\�DQG�LQQRYDWLRQµ[1] LQ�WKH�KLVWRU\�RI�HOHFWURDFRXVWLF�PXVLF��
%XW��EH\RQG�WKLV�RIWHQ�HPSKDVL]HG�RULJLQDOLW\��,DQQLV�;HQDNLV�VHHPV�
DOVR�WR�KDYH�SURYLGHG�D�WUXH�PRGHO�IRU�PXVLF�UHVHDUFK��%\�WUDQVSRVLQJ�
WKH�PHWKRGV�RI�VFLHQWLILF�UHVHDUFK�LQWR�WKH�ILHOG�RI�DUWLVWLF�FUHDWLRQ��KH�
FUHDWHG�D�QHZ�GLVFLSOLQH�WKDW�FRPELQHV�WKH�ORJLF�RI�PDWKHPDWLFV��WKH�
HPSLULFLVP�RI�FRPSXWHU�VFLHQFHV��DQG�WKH�FUHDWLYLW\�RI�DUWV��

,W�LV�VWDQGDUG�SUDFWLFH�WR�FODVVLI\�WKH�FRPSRVHU·V�HOHFWURDFRXVWLF�
SURGXFWLRQ�LQWR�WKUHH�WLPH�SHULRGV�[2]

���:RUNV�IURP�WKH�����V�DQG�����V�UHSUHVHQWLQJ�WKH�SURGXFWLRQ�
FDUULHG�RXW�E\�RU�XQGHU�WKH�LQIOXHQFH�RI�WKH�*URXSH�GH�5HFKHUFKHV�
0XVLFDOHV��*50��

���7KH�´FOLPD[�RI�WKH�HDUO\�����Vµ�ZLWK�WKH�UHDOL]DWLRQ�RI�Polytopes 
EHWZHHQ������DQG������

���7KH�ZRUNV�RI�WKH�ODWH�����V�FRPSRVHG�ZLWK�WKH�83,&�[3]

7KH�DQDO\WLFDO�UHVHDUFK�RI�WKLV�FKDSWHU�FRQFHUQV�WKLV�ODVW�SHULRG�
DQG�IRFXVHV�RQ�WZR�HPEOHPDWLF�ZRUNV��UDUHO\�SUHVHQWHG�DQG�DQDO\]HG��
Taurhiphanie��������DQG�WKH�Voyage absolu des Unari vers Andromède 
��������,W�LV�GLIILFXOW�WR�ILQG�VRXUFHV�[4] DQG�WKHUH�LV�D�YHU\�LPSRUWDQW�
GLIIHUHQFH�EHWZHHQ�FRQFHUW�YHUVLRQV�DQG�WKRVH�UHOHDVHG�RQ�&'��EXW�WKH�
WHFKQLFDO�FRQWH[W�RI�WKHLU�SURGXFWLRQ�RU�WKH�VXUSULVLQJ�VWUDQJHQHVV�RI�WKHLU�
VRXQG�DQG�PXVLFDO�UHQGHULQJ�PDNH�LW�DQ�H[FLWLQJ�ILHOG�RI�UHVHDUFK�IRU�WKH�
PXVLFRORJLVW��,�ZLOO�VKRZ�WKDW�WKHVH�FKDUDFWHULVWLFV�DUH�REYLRXVO\�VWURQJO\�



438 ANALYTICAL 
APPROACHES TO  
TAURHIPHANIE 
AND VOYAGE 
ABSOLU DES 
UNARI VERS 
ANDROMÈDE BY 
IANNIS XENAKIS

439 PIERRE COUPRIE439

OLQNHG�WR�WKH�83,&��WKH�LQVWUXPHQW�RQ�ZKLFK�;HQDNLV�ZRUNHG�ERWK�DV�D�
GHVLJQHU�DQG�DV�D�XVHU�IRU�WKH�FRPSRVLWLRQ�RI�WKHVH�ZRUNV�

$QDO\]LQJ�DQ�HOHFWURDFRXVWLF�ZRUN�SUHVHQWV�VHYHUDO�GLIILFXOWLHV��VXFK�
DV�WKH�ODFN�RI�YLVXDO�VXSSRUW��VFRUH��WUDQVFULSWLRQ��RU�RWKHU���WKH�VWXG\�
RI�WKH�FRPSOH[LW\�RI�PDWHULDOV��DQG�WKH�SUHGRPLQDQFH�RI�QRQUHSHWLWLYH��
HYROXWLYH�IRUPV��7R�VROYH�WKHVH�GLIILFXOWLHV��,�ZLOO�XVH�DFRXVWLF�DQDO\VLV�DQG�
YLVXDOL]DWLRQ�WHFKQLTXHV�DOUHDG\�SURYHQ�LQ�P\�SUHYLRXV�SXEOLFDWLRQV�[5] 

$IWHU�LQWURGXFLQJ�VRPH�EDFNJURXQG�LQIRUPDWLRQ�RQ�WKH�83,&�DQG�WKH�IHZ�
VRXUFHV�WKDW�H[LVW�RQ�WKH�FUHDWLRQ�RI�WKHVH�WZR�ZRUNV��,�ZLOO�GHYHORS�WKH�
HVVHQWLDO�SRLQWV�IRU�XQGHUVWDQGLQJ�WKH�DQDO\WLFDO�PHWKRG��DQG�WKHQ�,�ZLOO�
SUHVHQW�WKH�ILUVW�UHVXOWV�RI�WKH�FRPSDUDWLYH�VWXG\�[6]

CONTEXTS THE UPIC SYSTEM
)RU�D�GHWDLOHG�SUHVHQWDWLRQ�RI�WKH�83,&��,�LQYLWH�WKH�UHDGHU�WR�FRQVXOW�WKUHH�
VHPLQDO�SDSHUV��WKH�DUWLFOH�E\�*pUDUG�0DULQR��0DULH�+pOqQH�6HUUD��DQG�
-HDQ�0LFKHO�5DF]LQVNL�ZKLFK�IRFXVHV�RQ�D�GHVFULSWLRQ�RI�WKH�IXQFWLRQDO�
DVSHFWV�RI�WKH�LQVWUXPHQW�[7]�WKH�LQWURGXFWLRQ�WR�GUDZLQJ�WHFKQLTXHV�DQG�
WKHLU�VRXQG�UHQGHULQJ�E\�,DQQLV�;HQDNLV�[8]�DQG�WKH�DUWLFOH�E\�5RGROSKH�
%RXURWWH�DQG�&\ULOOH�'HOKD\H�ZLWK�D�SHUVSHFWLYH�RQ�WKH�83,&�DQG�LWV�XVHV�
LQ�HGXFDWLRQ�DQG�ZLWK�RWKHU�WHFKQRORJLHV�[9]�,Q�WKH�KLVWRU\�RI�FRPSXWHU�
PXVLF��ZKLFK�XVXDOO\�EHJLQV�ZLWK�WKH�086,&�VRIWZDUH��WKH�ILUVW�YHUVLRQ�RI�
ZKLFK�ZDV�UHOHDVHG�LQ������[10] RU�WKH�GHYHORSPHQW�RI�GLJLWDO�LQVWUXPHQWV�
IURP�WKH�����V��WKH�83,&�DSSHDUV�WR�EH�RQH�RI�WKH�PRVW�LPSRUWDQW�WRROV��
,QGHHG��DOWKRXJK�LWV�XVH�UHPDLQHG�UDWKHU�FRQILGHQWLDO��OLPLWHG�WR�D�FHUWDLQ�
number of studios, its concept, based on converting a drawing into a 
V\QWKHVLV�VRXQG�[11]�KDV�LQVSLUHG�PDQ\�GHYHORSHUV��7KH�SHGDJRJLF[12] and 
DUWLVWLF�SRWHQWLDO�RI�LPDJH�FRQYHUVLRQ�LQWR�VRXQG�PDNHV�WKLV�LQVWUXPHQW�VR�
SRZHUIXO�[13]

7KH�ILUVW�YHUVLRQV�RI�WKH�83,&[14] were not in real time,[15] ZKLFK�PDGH�LW�
D�FRPSRVLWLRQ�WRRO�IRU�VWXGLR�XVH��7KH�ILUVW�UHDO�WLPH�YHUVLRQ�RI������DOORZHG�
VRPH�IRUP�RI�LQWHUDFWLRQ�DQG�FRXOG�WKHUHIRUH�EH�XVHG�OLYH��LQ�FRQFHUW��7KH�
83,&�DSSHDUV�WR�EH�D�YHU\�LQQRYDWLYH�LQVWUXPHQW��FRPELQLQJ�FRPSRVLWLRQ�
IXQFWLRQV��D�JUDSKLFDO�XVHU�LQWHUIDFH�WKDW�ZDV�HDV\�WR�XVH�E\�FRPSRVHUV�RU�
HYHQ�FKLOGUHQ��DQG�D�OLYH�SHUIRUPDQFH�FDSDELOLW\�XVLQJ�D�JHVWXUDO�LQWHUIDFH�[16] 

7KHVH�FKDUDFWHULVWLFV�SUHILJXUHG�FXUUHQW�PXVLF�FUHDWLRQ�VRIWZDUH��%\�
FRPSDULVRQ��WKH�RWKHU�WZR�PDLQ�WRROV�GHYHORSHG�LQ�WKH�����V�DQG�
����V�LQ�3DULV��QDPHO\��WKH��;[17] at IRCAM and SYTER[18] DW�*50��ZHUH�
HVVHQWLDOO\�VRXQG�WUDQVIRUPDWLRQ�WRROV�ZKLFK�FRXOG�EH�XVHG�DV�ZHOO�IRU�
PL[HG�ZRUNV�WKDW�FRPELQHG�DFRXVWLF�LQVWUXPHQWV�ZLWK�HOHFWURQLF�VRXQGV�

7KHVH�IHZ�WHFKQLFDO�GHWDLOV�DERXW�WKH�LQVWUXPHQW�LWVHOI�DUH�DOVR�
UHODWHG�WR�VRXQG�UHQGHULQJ��7KH�83,&�GLIIHUHG�IURP�RWKHU�WHFKQRORJLHV�
RI�WKH�WLPH��$V�-DPHV�+DUOH\[19] DQG�0DNLV�6RORPRV�SRLQW�RXW�LQ�WKHLU�

discussion of Pour la Paix,[20] WKH�VRXQGV�SURGXFHG�E\�WKH�83,&�PD\�
VHHP�KDUVK�EHFDXVH�WKH�FRPSRVHU�GRHV�QRW�WU\�WR�VPRRWK�RXW�WKH�UHVXOW��
7KLV�UHPDUN�REYLRXVO\�HFKRHV�RWKHU�ZRUNV�E\�;HQDNLV��VXFK�DV�Bohor, 
FRPSRVHG�LQ�������

CREATION OF THE WORKS
,�KDYH�FKRVHQ�WR�DQDO\]H�Taurhiphanie and Voyage absolu des Unari vers 
Andromède�E\�;HQDNLV�IRU�VHYHUDO�UHDVRQV��7KH�ILUVW�LV�WKDW�WKH\�ZHUH�
FRPSRVHG�WZR�\HDUV�DSDUW��LQ������DQG�������%HLQJ�HOHFWURDFRXVWLF�
ZRUNV��WKH\�ZHUH�ERWK�FRPSRVHG�RQ�WKH�83,&�V\VWHP��$QRWKHU�UHDVRQ�
LV�WKDW�WKH\�VKDUH�WKH�VDPH�SURFHVV�RI�FUHDWLRQ�DQG�SXEOLFDWLRQ��WKH�
UHFRUGLQJV�UHOHDVHG�RQ�&'�DUH�YHU\�GLIIHUHQW�IURP�WKHLU�SHUIRUPDQFH�LQ�
FRQFHUW��)LQDOO\��WKHUH�DUH�YHU\�IHZ�VRXUFHV�WKDW�DOORZ�XV�WR�XQGHUVWDQG�
WKH�FRPSRVLWLRQ�SURFHVV�XVHG�E\�WKH�FRPSRVHU��Taurhiphanie�DQG�WKH�
Voyage absolu des Unari vers Andromède,�WKHUHIRUH��DSSHDU�WR�EH�LGHDO�
IRU�FRPSDUDWLYH�DQDO\VLV��+RZHYHU��WKLV�FKDSWHU�LV�QRW�D�UHIHUHQFH�DQDO\VLV��
EXW�UDWKHU�SURSRVHV�D�IHZ�JXLGHOLQHV�WR�XQGHUVWDQG�WKH�DHVWKHWLF�LVVXHV�
WKDW�WKHVH�WZR�ZRUNV�UHSUHVHQW�

Taurhiphanie�ZDV�SUHPLHUHG�RQ�-XO\�����������DW�WKH�$UOHV�DUHQD�
GXULQJ�WKH�5DGLR�)UDQFH�)HVWLYDO�LQ�0RQWSHOOLHU��7KH�SHUIRUPDQFH�
combined electronic music and a peaceful demonstration of bulls 
DQG�KRUVHV�IURP�WKH�&DPDUJXH�UHJLRQ��7KH�FRQFHUW�DOVR�LQFOXGHG�
a performance of Les Pléïades��������DQG�Psapha��������E\�/HV�
3HUFXVVLRQV�GH�6WUDVERXUJ�DQG�WKH�(QVHPEOH�3OpwDGHV�FRQGXFWHG�E\�6LOYLR�
*XDOGD�

7KH�VHW FIG. 1 FRQVLVWHG�RI�D�FLUFXODU�UDLVHG�VWDJH�LQ�WKH�PLGGOH�RI�
WKH�DUHQD�RQ�ZKLFK�WKH�83,&�ZDV�LQVWDOOHG�DQG�DURXQG�ZKLFK�WKH�DQLPDOV�
FLUFOHG��7KH�ZRUN�LQFOXGHG�IL[HG�DQG�LPSURYLVHG�SDUWV�IURP�VL[W\�IUDJPHQWV�
PDQLSXODWHG�LQ�UHDO�WLPH�E\�SOD\EDFN�ZLWK�YDULDWLRQ�RI�VHTXHQFHV�DQG�E\�
HIIHFWV�VXFK�DV�IUHH]LQJ[21]�RU�UHYHUVH��,Q�WKH�RULJLQDO�FRQFHSW��WKH�EXOOV�
ZHUH�WR�EH�HTXLSSHG�ZLWK�KLJK�IUHTXHQF\��+)��PLFURSKRQHV�WR�FDSWXUH�
WKHLU�EUHDWKLQJ��WKH�83,&�ZRXOG�WKHQ�DOVR�KDYH�EHHQ�XVHG�WR�PDQLSXODWH�
WKHVH�VRXQGV�LQ�UHDO�WLPH��,W�WXUQHG�RXW�WKDW�WKH�ODFN�RI�UHKHDUVDO�WLPH�DQG�
WKH�PRYHPHQW�RI�DQLPDOV��ZKLFK�ZDV�GLIILFXOW�WR�FRQWURO�EHFDXVH�RI�WKH�
LQWHQVLW\�RI�WKH�VRXQGV�GLIIXVHG��OHG�;HQDNLV�WR�XVH�SUHUHFRUGHG�OLYH�VRXQG�
SOD\EDFN�[22] 7KH�SHUIRUPDQFH�GLG�QRW�KDYH�WKH�H[SHFWHG�VXFFHVV�

,Q�������,DQQLV�;HQDNLV�SURGXFHG�D�VWHUHRSKRQLF�YHUVLRQ�IRU�IRXU�
ORXGVSHDNHUV�FRQWDLQLQJ�RQO\�WKH�IL[HG�SDUWV��7KH�ZRUN�ZDV�UHOHDVHG�RQ�
&'�LQ������

$V�-DPHV�+DUOH\�SRLQWV�RXW�[23] Taurhiphanie differs from Mycènes 
Alpha��DOVR�FRPSRVHG�RQ�WKH�83,&��LQ�WKH�FRQWLQXLW\�RI�LWV�WUDQVIRUPDWLRQV�
and LWV�IRUPDO�FRQVWUXFWLRQ�
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FIG. 1 Iannis Xenakis, Taurhiphanie��������GXULQJ�WKH�SHUIRUPDQFH�DW�WKH�$UOHV�DUHQD� 
© Iannis Xenakis Family

7KH�VRXUFHV�XVHG�IRU�WKH�DQDO\VLV�LQFOXGH�D�VFRUH�DQG�DXGLR�UHFRUGLQJV� 
DV�VKRZQ�LQ�WKH�WDEOH�EHORZ�[24]

 
TYPE SOURCE DURATION INFORMATION

���3KRWRV IXF 7DNHQ�EHIRUH�DQG�GXULQJ�WKH�FRQFHUW

7H[W IXF 3XEOLVKHU·V�WDSH�QRWLFH

Drawing CIX 7DSH�VWUXFWXUH�ZLWK�VWDUW�RI�LPSURYLVDWLRQ

3ULQWHG�PDWWHU CIX 3DJH����RI�WKH�VFRUH��XQUHDGDEOH�

Audio CD ��
��

 CD edition[25] ²�VWHUHRSKRQLF

'LJLWL]HG�DXGLR�WDSH BNF �
��

 ,QVFULEHG��´PRXQWHG�EXOOV�VHTXHQFH�
WDSHµ��LQ�(QJOLVK��²�PRQRSKRQLF�²�-XQH�
��������
7KLV�PD\�EH�WKH�WDSH�XVHG�GXULQJ�
WKH�FRQFHUW�WR�UHSODFH�WKH�UHDO�WLPH�
UHFRUGLQJ�RI�WKH�EXOOV�

'LJLWL]HG�DXGLR�WDSH BNF �
��

 :LWK�D�PHQWLRQ�RI�´5LJKW�WUDFN��1RQ�ÀQDO�
YHUVLRQ��5HDG\�IRU�HGLWLQJ�ZLWK�DPRUFHV�
DQG�PL[LQJµ��LQ�)UHQFK��²�PRQRSKRQLF�²�
-XO\���������
&RQWDLQV�WKUHH�VHTXHQFHV�WKDW�DUH�DOVR�
RQ�WKH�&'�YHUVLRQ�

'LJLWL]HG�DXGLR�WDSH BNF �
��

 :LWK�D�PHQWLRQ�RI�´/HIW�WUDFN��1RQ�ÀQDO�
YHUVLRQ��5HDG\�IRU�HGLWLQJ�ZLWK�DPRUFHV�
DQG�PL[LQJµ��LQ�)UHQFK��²�PRQRSKRQLF�²�
-XO\����������
&RQWDLQV�WKUHH�VHTXHQFHV�WKDW�DUH�DOVR�
RQ�WKH�&'�YHUVLRQ�

 

7KH�Voyage absolu des Unari vers Andromède was premiered 
RQ�$SULO��������DW�WKH�.DPHMDPD�+RQ\RNXML�7HPSOH�DV�SDUW�RI�WKH�
,QWHUQDWLRQDO�.LWH�([KLELWLRQ�RUJDQL]HG�E\�WKH�*RHWKH�,QVWLWXW�LQ�2VDND��
-DSDQ��,W�ZDV�SUHPLHUHG�LQ�)UDQFH�D�IHZ�PRQWKV�ODWHU�GXULQJ�WKH�
)HVWLYDO�G·$YLJQRQ�LQ�WKH�PDLQ�FRXUW\DUG�RI�WKH�3DODLV�GHV�3DSHV�LQ�D�
SURJUDP�WKDW�DOVR�LQFOXGHG�Rebonds A and B, Idmen A and B, as well 
DV�LPSURYLVDWLRQV�E\�0LFKHO�3RUWDO�DQG�%HUQDUG�/XEDW��7KH�WLWOH��Voyage 
absolu des Unari vers Andromède,�UHIHUV�WR�WUDGLWLRQDO�-DSDQHVH�XQDUL�
NLWH�ERZV��VLPSOH�RQH�VWULQJ�DHROLDQ�LQVWUXPHQWV�ZKLFK�SURGXFH�D�VRXQG�
DUFK�YLEUDWLQJ�LQ�WKH�ZLQG�WKDW�UHVHPEOHV�WKH�FKLUSLQJ�RI�LQVHFWV�

$V�ZLWK�Taurhiphanie��WKH�VRXUFHV�XVHG�IRU�WKH�DQDO\VLV�LQFOXGH�D�
VFRUH�DQG�DXGLR�UHFRUGLQJV�DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH��

8QOLNH�7DXUKLSKDQLH��WKH�83,&�´VFRUHµ�RI�9R\DJH�DEVROX�ZDV�DQ�
LQYDOXDEOH�KHOS�LQ�XQGHUVWDQGLQJ�VRPH�DVSHFWV�RI�;HQDNLV·V�FUHDWLYH�
SURFHVV�



443 PIERRE COUPRIE443

THE ANALYSIS METHOD
%RWK�ZRUNV�DUH�SHUIHFWO\�DGDSWHG�WR�WKH�PHWKRGV�RI�DQDO\VLV�WKDW�,�
XVXDOO\�XVH�RQ�DFRXVPDWLF�PXVLF�[28]�7KHVH�DUH�ZRUNV�RQ�PDJQHWLF�WDSH�
DQG�ZKRVH�VRXUFHV�FRQWDLQ�RQO\�IUDJPHQWDU\�SDUWV�RI�WKH�83,&�VFRUH��
,W�ZDV�WKHUHIRUH�QHFHVVDU\�WR�XVH�RWKHU�W\SHV�RI�JUDSKLF�VXSSRUWV�IRU�
WKLV�VWXG\��$V�WKH�ZRUNV�DUH�YHU\�FORVH�LQ�WLPH�WR�HDFK�RWKHU��DQG�DOVR�
LQ�WHUPV�RI�WKH�WRROV�XVHG�DQG�WKH�FRPSRVLWLRQDO�DSSURDFK�XVHG�IRU�&'�
SXEOLVKLQJ��VRXUFHV�RI�WKH�FUHDWLRQ�DUH�UHFRPSRVHG�LQ�WKH�VWXGLR���D�
FRPSDUDWLYH�DQDO\VLV�LV�FRPSOHWHO\�MXVWLILHG�DQG�PDNHV�LW�SRVVLEOH�WR�VKRZ�
KRZ�;HQDNLV�PDGH�GLIIHUHQW�FRPSRVLWLRQDO�DQG�DHVWKHWLF�FKRLFHV�IURP�
IDLUO\�VLPLODU�PDWHULDO�

$V�,�PHQWLRQHG�EULHIO\�LQ�WKH�LQWURGXFWLRQ��DQDO\]LQJ�D�IL[HG�ZRUN�LV�
TXLWH�GLIILFXOW��,�KDYH�DOUHDG\�SUHVHQWHG�DQG�DQDO\]HG�LQ�GHWDLO�WKH�SUREOHP�
RI�WKH�ODFN�RI�YLVXDO�VXSSRUW�LQ�VHYHUDO�RI�P\�SXEOLFDWLRQV�[5]�)RU�WKH�
DQDO\VLV�RI�WKH�WZR�ZRUNV�LQ�WKLV�DUWLFOH��,�XVHG�VSHFWUDO�UHSUHVHQWDWLRQ�
DQG�DXGLR�GHVFULSWRU�H[WUDFWLRQ�WHFKQLTXHV�WR�FUHDWH�YLVXDOL]DWLRQV�WKDW�
GHFRPSRVHG�WKH�VRXQG�WH[WXUHV�LQWR�PXVLFDO�JHVWXUHV�DQG��LQ�WKH�FDVH�
RI�WKH�Voyage absolu des Unari vers Andromède��FRQWH[WXDOL]HG�WKH�
IUDJPHQWV�RI�WKH�VFRUH�

7KH�WHFKQLTXHV�RI�DXGLR�GHVFULSWRU�H[WUDFWLRQ�IURP�WKH�DXGLR�VLJQDO�
XVHG�KHUH�KDYH�DOUHDG\�EHHQ�GHVFULEHG�LQ�GHWDLO�LQ�DQ�DQDO\VLV�RI�DQ�
H[WUDFW�IURP�Son Vitesse-Lumière[29]�E\�)UDQoRLV�%D\OH�[30] 7R�VXPPDUL]H��
a set of audio descriptors[31] DUH�H[WUDFWHG��HLWKHU�GLUHFWO\�IURP�WKH�VLJQDO�
RU�WKURXJK�VSHFWUDO�DQDO\VLV�DFKLHYHG�ZLWK�D�IDVW�)RXULHU�WUDQVIRUP��))7��
DOJRULWKP�[32]�$�UHSUHVHQWDWLRQ��YLVXDOL]DWLRQ��LV�WKHQ�PDGH�WR�DOORZ�WKH�
GDWD�WR�EH�UHDG�[33]

7KH�YLVXDOL]DWLRQ�SDUW�LV�HVVHQWLDO�EHFDXVH�LW�LV�WKH�VRXUFH�RI�WKH�
LQWHUSUHWDWLRQ�WKDW�WKH�PXVLFRORJLVW�ZLOO�XVH�WR�PDNH�WKH�DQDO\VLV��,�XVHG�IRXU�
YLVXDOL]DWLRQ�WHFKQLTXHV�WKDW�DUH�SDUWLFXODUO\�HIILFLHQW�IRU�PXVLFDO�DQDO\VLV�

TYPE SOURCE DURATION INFORMATION

6FRUH�����SDJHV� IXF A notice FIG. 2�DQG����SDJHV�RI�WKH�
GUDZLQJ�UHDOL]HG�RQ�WKH�83,&��SDJHV������
���������������������������������������
������[26]�

Audio CD ��
��

 CD edition[27]�²�VWHUHRSKRQLF

'LJLWL]HG�DXGLR�WDSH BNF ��
��

 :LWK�D�PHQWLRQ�RI�´$�YHUVLRQµ��LQ�)UHQFK��
²�VWHUHRSKRQLF

'LJLWL]HG�DXGLR�WDSH BNF ��
��

 :LWK�D�PHQWLRQ�RI�´'HPR�H[DPSOHVµ�
�LQ�)UHQFK��²�VWHUHRSKRQLF�&RQWDLQV�
H[DPSOHV�IURP�WKH�83,&�DQG�D�ORQJ�
H[WUDFW�IURP�Taurhiphanie

FIG. 2 Iannis Xenakis,Voyage absolu des Unari vers Andromède, score, 1989  
© Iannis Xenakis Family
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��� 7KH�VLPSOH�JUDSK��PRUSKRORJ\�LGHQWLILFDWLRQ��RU�WKH�VXSHUSRVLWLRQ�RI�
FXUYHV��FRUUHODWLRQ�LGHQWLILFDWLRQ�EHWZHHQ�YDOXHV��

���7KH�IORZ�JUDSK�RU�%ULJKWQHVV��6WDQGDUG�'HYLDWLRQ�JUDSK��%6W'�[34] 

(see FIG. 3.1���DOORZLQJ�WR�YLVXDOL]H�DQ�HVWLPDWLRQ�RI�WKH�HYROXWLRQ�
RI�WKH�WLPEUH�WKURXJK���GHVFULSWRUV��7KLV�JUDSK�LV�SDUWLFXODUO\�
HIILFLHQW�IRU�WKH�DQDO\VLV�RI�HOHFWURDFRXVWLF�PXVLF�E\�IDFLOLWDWLQJ�WKH�
LQWHUSUHWDWLRQ�RI�FRUUHODWLRQV�EHWZHHQ�GHVFULSWRUV�

���7KH�OLQHDU�RU�ORJDULWKPLF�VRQRJUDP�
���7KH�VHOI�VLPLODULW\�PDWUL[��VHH�FIG. 3.2��UHSUHVHQWLQJ�WKH�VLPLODULW\�

between values[35]��LGHQWLILFDWLRQ�RI�PXVLFDO�VWUXFWXUH�RU�IRUP�� FIG. 3

$V�VKRZQ�LQ�)LJXUH������WKH�VHOI�VLPLODULW\�PDWUL[�LV�UHDOL]HG�LQ�WKUHH�VWHSV�
��� 7KH�FUHDWLRQ�RI�WKH�WDEOH[36]�DQG�WKH�GLVWDQFH�FRPSXWDWLRQ��7KH�

YDOXHV�WR�EH�FDOFXODWHG�DSSHDU�RQ�WKH�[�D[LV�DQG�\�D[LV�RI�WKH�WDEOH�
���7KH�PDSSLQJ�RI�QXPHULFDO�YDOXH�UHVXOWV�LQWR�JUD\VFDOHV��PDSSLQJ��

PDNLQJ�WKH�WDEOH�HDVLHU�WR�LQWHUSUHW�
���,Q�WKLV�DUWLFOH��,�XVH�FRORU�PDWULFHV��VR�WKH�WKLUG�VWHS�LV�WR�DSSO\�D�IDOVH�
FRORU�ILOWHU�[37]

7KHVH�UHSUHVHQWDWLRQ�WHFKQLTXHV�DUH�FODVVLILHG�LQWR�WKUHH�FDWHJRULHV�
����:KDW�,�FDOO�PDFURVFRSLHV[38]�DOORZLQJ�YLVXDOL]DWLRQ�RI�WKH�HQWLUH�ZRUN�
ZKLOH�NHHSLQJ�D�YLHZ�RI�WKH�FRPSOH[LW\�RI�WKH�VKRUW�VWUXFWXUHV�

���&RUUHODWLRQ�DQDO\VLV�DW�VHYHUDO�KLHUDUFK\�OHYHOV�LQ�RUGHU�WR�LGHQWLI\�WKH�
OLQNV�EHWZHHQ�WKH�YDULDWLRQ�RI�VHYHUDO�GHVFULSWRUV�

���$QDO\VLV�RI�LQWHUQDO�RU�H[WHUQDO�PRUSKRORJLHV��ERWK�ORFDOL]HG�RU�DURXQG�
D�IRFDO�SRLQW�

7KLV�UHSUHVHQWDWLRQ�PHWKRG�KDV�WKH�DGYDQWDJH�RI�DOORZLQJ�DQDO\VLV�
ZLWKRXW�VHOHFWLQJ�DQ�REVHUYDWLRQ�OHYHO�ILUVW��,Q�DGGLWLRQ��LW�DOVR�RIIHUV�WKH�
SRVVLELOLW\�RI�VWXG\LQJ�ERWK�VRXQG�DQG�PXVLFDO�SKHQRPHQD�ORFDWHG�RQ�
RQH�RU�PRUH�GLPHQVLRQV�RU�WKDW�KDYH�UDWKHU�IX]]\�ERUGHUV�DQG�DUH�VWURQJO\�
GHSHQGHQW�RQ�SHUFHSWLRQ��,Q�WKLV�VHQVH��HYHQ�LI�,�UHO\�KHDYLO\�RQ�WHFKQLTXHV�
RI�VLJQDO�DQDO\VLV�IURP�DFRXVWLFV�RU�YLVXDOL]DWLRQV�IURP�WKH�KDUG�VFLHQFHV��
WKH�REMHFW�REVHUYHG�LV�QRW�D�ODERUDWRU\�VDPSOH�OLNH�DQ�LVRODWHG�IUDJPHQW��
EXW�WKH�ZRUN�LWVHOI��7KHVH�UHVHDUFKHV�DUH�QDWXUDOO\�LQ�D�V\VWHPLF�RU�
FRPSOH[LW\[39]�VWXG\�GLUHFWLRQ��ZKLFK�VHHPV�WR�PH�WR�EH�WKH�RQO\�ZD\�WR�
VWXG\�WKLV�W\SH�RI�PXVLFDO�ZRUN�

COMPARATIVE ANALYSIS
7KH�SUHVHQWDWLRQ�RI�WKHVH�ILUVW�DQDO\WLFDO�UHVXOWV�LV�RUJDQL]HG�LQ�WKUHH�
SDUWV��IRUPV�DQG�VHJPHQWDWLRQV��JHVWXUHV��DQG�WKH�SROHV�RI�continuous–
discontinuous��+RZHYHU��WKH\�GR�QRW�FRUUHVSRQG�WR�WKH�VWDJHV�RI�WKH�
DQDO\VLV�DQG�FRXOG�MXVW�DV�HDVLO\�KDYH�EHHQ�SUHVHQWHG�LQ�D�GLIIHUHQW�RUGHU�

FIGS. 3.1, 3.2 7HFKQLTXHV�IRU�SURGXFLQJ�D�ÁRZ�JUDSK�����DQG�D�VHOI�VLPLODULW\�PDWUL[������
�������3LHUUH�&RXSULH
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FORMS AND SEGMENTATIONS
FIG. 4 UHSUHVHQWV�D�VHOI�VLPLODULW\�PDWUL[�FRPSXWHG�RQ�WKH�]HUR�FURVVLQJ�
UDWH��=&5��RI�WKH�Taurhiphanie·V�ZDYHIRUPV��7KLV�UHSUHVHQWDWLRQ�SURYLGHV�
D�JRRG�HVWLPDWLRQ�RI�WKH�ZKROH�IRUP�RI�WKH�ZRUN��9HUWLFDO�EDQG�UHDGLQJ�
FDQ�EH�XVHG�WR�VHJPHQW�WKH�VKDSH�LQWR�WKUHH�ODUJH�SDUWV�RU�HLJKW�PRUH�
GHWDLOHG�SDUWV��,Q�DGGLWLRQ��WKH�FHQWUDO�SDUW�RIIHUV�D�VWURQJ�FRQWUDVW�
ZLWK�WKH�RWKHU�SDUWV�RI�WKH�ZRUN�E\�EHLQJ�VLPLODU�WR�LWVHOI��FRORUV�FORVH�
WR�\HOORZ�DQG�UHG���EXW�QRW�WR�ZKDW�FRPHV�EHIRUH�RU�DIWHU��SXUSOH�FRORU�
LQGLFDWLQJ�D�ORZ�VLPLODULW\���

7KLV�UHSUHVHQWDWLRQ�DOVR�SURYLGHV�WZR�RWKHU�LPSRUWDQW�IRUPDO�FOXHV��
7KH�ILUVW�FRQFHUQV�WKH�GXUDWLRQ�RI�WKH�SDUWV��;HQDNLV�VHHPV�WR�KDYH�
RUJDQL]HG�WKH�PDWHULDO�LQWR�IDLUO\�ORQJ�UDQJHV�ZLWK�FRQVWDQW�HYROXWLRQ�DQG�
RQO\�D�IHZ�EUHDNV��7KH�VHFRQG�FOXH�FRQFHUQV�WKH�WUDQVLWLRQV�EHWZHHQ�HDFK�
RI�WKH�SDUWV��ZKLFK�VHHP�TXLWH�GLVWLQFW��WKXV�VHSDUDWLQJ�WKHP�LQWR�ZHOO�
GHILQHG�EORFNV�

FIGS. 5, 6�LOOXVWUDWH�WKH�PRVW�VDOLHQW�WUDQVIRUPDWLRQ�SURFHVVHV�DQG�
WUDQVLWLRQV�
��� 7UDQVLWLRQ�EHWZHHQ�WZR�SDUWV�LQFOXGLQJ�VLOHQFH�
���7UDQVLWLRQ�E\�YHU\�VKRUW�FURVVIDGH�
���$FFHQWXDWLRQ�E\�DPSOLWXGH�PRGLILFDWLRQ�RU�VSHFWUXP�GHQVLILFDWLRQ�
���/RQJ�PRUSKRORJLFDO�JHVWXUH�
���&RORUDWLRQ�E\�PRGLILFDWLRQ�RI�WKH�VSHFWUDO�FHQWURLG�
���'HVWUXFWXULQJ�D�PDWHULDO�E\�DOWHULQJ�D�GLPHQVLRQ�VXFK�DV�DPSOLWXGH�RU�

VSHFWUXP�
��� 7LJKWHQLQJ�RI�WKH�VSHFWUXP��

7KHVH�WZR�UHSUHVHQWDWLRQV�DUH�FUHDWHG�IURP�WKUHH�DXGLR�GHVFULSWRUV[40] 

LQ�D�VLQJOH�JUDSK��&RUUHODWLRQV�EHWZHHQ�VHYHUDO�HOHPHQWV�RI�WKH�FXUYH³for 
H[DPSOH��\�DQG�ZLGWK³DQG�VLJQLILFDQW�FKDQJHV³IRU�H[DPSOH�LQ�ILJXUHV���DQG�
6³KLJKOLJKW�VDOLHQW�HOHPHQWV�RI�WKH�VSHFWUXP�HYROXWLRQ��2Q�DOO�WKH�JUDSKV��
WKHUH�LV�QR�UHDO�EUHDN�DQG�WKLV�HYROXWLRQ�DSSHDUV�WR�EH�UDWKHU�FRQWLQXRXV��
$OVR��WKH�WZR�IRUPV�GR�QRW�KDYH�UHSHWLWLRQV��HDFK�SDUW�DOORZV�WR�FURVV�D�VWHS�
LQ�D�FRQWLQXRXV�HYROXWLRQ�RI�WKH�VRXQG�PDWHULDO��D�PRUSKRORJLFDO�IRUP�[41]

-DPHV�+DUOH\�SURSRVHV�D�WZR�SDUW�IRUP�VHJPHQWDWLRQ�RI�WKH Voyage 
absolu des Unari vers Andromède�[42] FIG. 7�VKRZV�WKLV�VHJPHQWDWLRQ�
DV�ZHOO�DV�WKH�RQH�GHULYHG�IURP�D�WZR�OHYHO�OLVWHQLQJ�DQDO\VLV��7KHVH�
VHJPHQWDWLRQV�DUH�FRPSDUHG�KHUH�ZLWK�WZR�FRPSOHPHQWDU\�VHOI�VLPLODULW\�
PDWULFHV�FDOFXODWHG�RQ�WKH�))7�DQG�RQ�WKUHH�DXGLR�GHVFULSWRUV�URRW�PHDQ�
VTXDUH��506��DPSOLWXGH��VSHFWUDO�FHQWURLG��DQG�VSHFWUDO�YDULDQFH��7KHVH�
ILJXUHV�KLJKOLJKW�VWURQJ�VLPLODULWLHV�EHWZHHQ�WKH�WZR�ZRUNV�LQ�WHUPV�RI�IRUP�
FRQVWUXFWLRQ�

FIG. 4 6HOI�VLPLODULW\�PDWUL[�RI�,DQQLV�;HQDNLV
V�Taurhiphanie, 1994, computed 
RQ�WKH�=&5�GHVFULSWRU�LQ�VRIWZDUH�L$QDO\VH��������VFUHHQVKRW���3LHUUH�&RXSULH

FIG. 5 )RXU�H[DPSOHV�RI�WUDQVIRUPDWLRQ�SURFHVVHV�IURP�D�%6W'�UHSUHVHQWDWLRQ�RI�,DQQLV�
;HQDNLV
V�Taurhiphanie��������SURGXFHG�ZLWK�VRIWZDUH�L$QDO\VH��������VFUHHQVKRW���
3LHUUH�&RXSULH
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 – An overall division into two parts (indicated by a wide line and an 
DUURZ���WKH�VHFRQG�SDUW�FDQ�LWVHOI�EH�VXEGLYLGHG�LQWR�WZR�RWKHU�
SDUWV�

 – 7KH�SUHVHQFH�RI�D�ORQJ�SDUW��$�LQ�Taurhiphanie and C in Voyage 
absolu«��EXLOW�RQ�D�FRQWLQXRXV�HYROXWLRQ�RI�WKH�VRXQG�PDWHULDO�

 – 7KH�SUHVHQFH�RI�VKRUW�SDUWV��&�LQ�Taurhiphanie��DQG�%��'�LQ�Voyage 
absolu«��ZKRVH�GXUDWLRQ�FRQWUDVWV�VWURQJO\�ZLWK�WKH�RWKHU�SDUWV�

 
7KHVH�WZR�ZRUNV��WKHUHIRUH��DSSHDU�WR�EH�OLQNHG�LQ�WHUPV�RI�VWUXFWXUH�ZKLOH�
DW�WKH�VDPH�WLPH�EHLQJ�WKH�UHVXOW�RI�YHU\�GLIIHUHQW�FRPSRVLWLRQDO�VWUDWHJLHV��
+RZHYHU��WKH�IRUP�DORQH�LV�QRW�VXIILFLHQW�IRU�FRPSDUDWLYH�DQDO\VLV��,�ZLOO�
QRZ�VKRZ�KRZ�WKH�PRUSKRJHQHVHV�RU�JHVWXUHV[43] used by Xenakis also 
SOD\�D�YHU\�LPSRUWDQW�UROH�LQ�WKH�WUDQVLWLRQV�DQG�LQ�WKH�FKDUDFWHUL]DWLRQ�RI�
WKH�VXESDUWV�

GESTURES: FROM THE UPIC TO SOUND REALIZATION
$V�PHQWLRQHG�DERYH��,�KDG�DFFHVV�WR�WKH�VFRUH�RI�WKH�Voyage absolu des 
Unari vers Andromède��7KLV�FRQVLVWV�RI�WZHOYH�GUDZLQJV�RQ�WKH�83,&�
[44]�&RQVLGHULQJ�WKH�QXPHUDWLRQ�RI�WKH�SDJHV�GLYLGHG�EHWZHHQ���DQG�
����LW�LV�OLNHO\�WKDW�LW�LV�RQO\�D�IUDJPHQW�RI�WKH�FRPSOHWH�VFRUH��,Q�DGGLWLRQ��
SDJHV����DQG����DUH�LGHQWLFDO�DQG�WKHUH�DSSHDU�WR�EH�RQO\�WZR�RULJLQDO�
GUDZLQJV��SDJH����DQG������WKH�RWKHUV�EHLQJ�YDULDWLRQV�RI�SDJH�����7KH�
VHFRQG�RULJLQDO�GUDZLQJ��SDJH�����GLG�QRW�UHVXOW�LQ�DQ\�YDULDWLRQV��)LJXUH�
��SURYLGHV�D�K\SRWKHVLV�RQ�WKH�UHDOL]DWLRQ�RI�WKHVH�YDULDWLRQV��:H�FDQ�VHH�
WKDW�,DQQLV�;HQDNLV�ZRUNHG�PDLQO\�IURP�YDULDWLRQV�E\�URWDWLRQ[45] and by 
DVVHPEOLQJ�WKH�VDPH�PXOWLSOLHG�IRUP��DV�LQ�SDJHV�����������DQG�LQ�WKH�
RQHV�WKDW�IROORZ���)LQDOO\��IHZ�GUDZLQJV�DUH�GLUHFWO\�YLVLEOH�DQG�SHUFHSWLEOH�
LQ�WKH�VSHFWUXP�FRPSXWHG�IURP�WKH�&'�YHUVLRQ��FIG. 9�VKRZV�WKH�VSHFWUXP�
�WRS��DQG�D�VFKHPD��ERWWRP��FRQWDLQLQJ�WKH�ORFDWLRQV�RI�WKH�DFWXDO�
GUDZLQJV�[46] ,�KDYH�QDPHG�$�DQG�%�WKH�WZR�IRUPV�WKDW�DSSHDU�FOHDUO\�
RQ�WKH�VSHFWUXP�DV�SUREDEO\�KDYLQJ�WKHLU�RULJLQ�LQ�D�83,&�GUDZLQJ��EXW�
WKH\�DUH�QRW�SUHVHQW�LQ�WKH�VFRUH��6LPLODUO\��WKH�IUDJPHQW��E�FRPHV�IURP�
SDJH����EXW�WKHUH�LV�D�PRQWDJH�RI�WZR�DGGLWLRQDO�LWHUDWLRQV�FRPSDUHG�WR�
WKH�RULJLQDO�IRUP��7KH�RQO\�DSSHDUDQFH�RI�SDJH�����QRWHG���E��DW�������
LV��IRU�LWV�SDUW��JUHDWO\�PRGLILHG�E\�WKH�HIIHFWV�RI�PXOWLSOLFDWLRQ�DQG�WLPH�
VWUHWFKLQJ�

:KDW�LV�REVHUYDEOH�LQ�WKLV�ZRUN�LV�XQIRUWXQDWHO\�QRW�REVHUYDEOH�LQ�
Taurhiphanie��,QGHHG��LI�WKH�VFRUH�H[LVWV��LW�KDV�QRW�\HW�EHHQ�GLJLWL]HG��
DQG�WKH�IUDJLOLW\�RI�WKH�RULJLQDOV�KDYH�QRW�\HW�DOORZHG�PH�WR�ZRUN�RQ�
WKH�LGHQWLILFDWLRQ�LQ�WKH�&'�YHUVLRQ�RI�WKH�VKDSHV�GUDZQ�RQ�WKH�83,&��
1HYHUWKHOHVV��VRPH�RI�WKH�VKDSHV�YLVLEOH�RQ�WKH�VSHFWUXP�SUREDEO\�FRPH�
IURP�PDWHULDOV�GUDZQ�RQ�WKH�83,&��WKHLU�DSSHDUDQFH�EHLQJ�YHU\�VLPLODU�

FIG. 6 7KUHH�H[DPSOHV�RI�WUDQVIRUPDWLRQ�RU�WUDQVLWLRQ�SURFHVVHV�IURP�D�%6W'�
UHSUHVHQWDWLRQ�RI�,DQQLV�;HQDNLV
V�9R\DJH�DEVROX�GHV�Unari vers Andromède, 
������SURGXFHG�ZLWK�VRIWZDUH�L$QDO\VH��������VFUHHQVKRW���3LHUUH�&RXSULH

FIG. 7 7KH�IRUP�DQG�FRPSDULVRQ�EHWZHHQ�))7�DQG�WKH�DXGLR�GHVFULSWRUV�DV�VHOIVLPLODULW\�
PDWULFHV��SURGXFHG�ZLWK�VRIWZDUH�L$QDO\VH��������VFUHHQVKRW���3LHUUH�&RXSULH
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WR�WKRVH�XVHG�LQ�WKH�Voyage absolu des Unari vers Andromède��:KLOH�
OLVWHQLQJ�WR�WKH�GLJLWL]HG�WDSHV�DW�WKH�%LEOLRWKqTXH�1DWLRQDOH�GH�)UDQFH�
�%1)���,�UHDOL]HG�WKDW�WKH�ZDYHIRUPV�XVHG�LQ�WKH�83,&�SUREDEO\�DOO�FRPH�
IURP�UHFRUGLQJV�RI�EXOOV·�URDUV��,Q�DGGLWLRQ��WKH�YHU\�VKRUW�PRUSKRORJLHV�
LQ�JOLVVDQGL��VXFK�D�DV�DW��
��

���
��

��EHWZHHQ��
��

�DQG��
��

��RU�DW�
WKH�HQG�RI��
��

�DUH�YHU\�VLPLODU�WR�VRPH�RI�WKH�URDUV�SUHVHQW�RQ�WKH�
VRXQG�UHFRUGLQJ�WDSH�DYDLODEOH�DW�WKH�%1)�

7KH�&'�SURGXFWLRQ�RI�WKHVH�SLHFHV��WKHUHIRUH��DSSHDUV�DV�D�
FRPSRVLWLRQ�LQ�LWV�RZQ�ULJKW��EDVHG�RQ�PDWHULDOV�SDUWO\�PDGH�RQ�WKH�83,&��
%RWK�RI�WKH�WZR�SLHFHV�FDQ�EH�GHFRPSRVHG�WR�DQDO\]H�KRZ�,DQQLV�;HQDNLV�
PDQDJHG�WKH�WUDQVLWLRQV�EHWZHHQ�PDWHULDOV�DQG�WKH�SURJUHVVLYH�FKDQJHV�
LQ�WH[WXUHV��

CONTINUOUS AND DISCONTINUOUS: 
TRANSFORMATIONS AND TRANSITIONS
,Q�P\�DQDO\VLV��,�KLJKOLJKWHG�WKH�FRPSRVLWLRQ�RI�WKH�WZR�ZRUNV�DV�DQ�
DVVHPEOLQJ�RI�VHYHUDO�VHTXHQFHV��VRPH�RI�ZKLFK�XVH�PDWHULDOV�IURP�
GUDZLQJV�RQ�WKH�83,&��+RZHYHU��GXULQJ�WKH�OLVWHQLQJ��WKH�HGLWLQJ�DVSHFW�
does not really appear and an impression of moments would be more 
DFFXUDWH��(DFK�RI�WKHP�KDV�LWV�RZQ�ZULWWHQ�ORJLF�DQG�DOO�WKHVH�moments 
IROORZ�RQH�DQRWKHU�ZLWKRXW�DQ\�UHDO�EUHDN��7KLV�ILUVW�IRUP�RI�FRQWLQXLW\  
LV�SDUWLFXODUO\�YLVLEOH�RQ�WKH�FRPSOHWH�ORJDULWKPLF�VSHFWUXP�RI�HDFK�
SLHFH��FIG. 10

In Taurhiphanie��H[FHSW�IRU�WKH�FHQWUDO�EUHDN�EHWZHHQ������DQG�
�����[47]�WKH�VSHFWUXP�VKRZV�FRQWLQXLW\�RQ�WZR�W\SHV�RI�PDWHULDOV�
��� ��
��

²�
��

��$�PDWHULDO�ZLWK�D�YHU\�ULFK�VSHFWUXP�
�����
��

²(QG��$�UDWKHU�KDUPRQLF�VHW�RI�VRXQGV�

,Q�WKH�Voyage Absolu des Unari vers Andromède��WKH�ORJDULWKPLF�
VSHFWUXP�KLJKOLJKWV�WKH�FURVVIDGH�WUDQVLWLRQV�FKDLQHG�EHWZHHQ�WKUHH�
W\SHV�RI�VRXQG�PDWHULDOV��
����
��

²�
��

��PDWHULDO�ZLWK�D�UDWKHU�FOHDU�VSHFWUXP�
����
��

²�
��

��$�YHU\�ULFK�DQG�GHQVH�VRXQG�PDWHULDO�
����
��

²(QG��$�VHW�RI�VRXQGV�ZKRVH�VSHFWUDO�VLWHV�DUH�TXLWH�QDUURZ�

,Q�WKH�VHFRQG�ZRUN��WKH�FURVVIDGH�WUDQVLWLRQV�EHWZHHQ�WKH�WKUHH�
W\SHV�RI�PDWHULDOV�DUH�YHU\�HYLGHQW��7KHVH�WUDQVLWLRQV�EHWZHHQ�WKH�
PDLQ�SDUWV�DOVR�RSHUDWH�DW�D�ILQHU�OHYHO��/LVWHQLQJ�WR�DQG�YLHZLQJ�WKH�
VRQRJUDPV�UHYHDOV�WKDW�ERWK�ZRUNV�ZHUH�FRPSRVHG�DV�D�PRQWDJH�RI�
VHYHUDO�VHFWLRQV�RQ�VHYHUDO�OHYHOV��,I�,DQQLV�;HQDNLV�XVHV�WKH�FURVVIDGH�
EHWZHHQ�WKH�ODUJH�SDUWV��KH�YDULHV�WKH�WUDQVLWLRQV�RI�VKRUWHU�VRXQG�
materials (see FIG. 11��

FIG. 8 +\SRWKHVLV�RI�WKH�JHQHVLV�RI�WKH�VFRUH�SDJHV�IURP�WZR�RULJLQDO�VKDSHV��IUDPHG��RI�
,DQQLV�;HQDNLV
V�Voyage absolu des Unari vers Andromède���������3LHUUH�&RXSULH



FIG. 9 7LPH�ORFDWLRQ�RI�WKH�VFRUH�SDJHV�RI�,DQQLV�;HQDNLV
V�Voyage absolu des Unari vers  
Andromède��������SURGXFHG�ZLWK�VRIWZDUH�L$QDO\VH��������VFUHHQVKRW��$��%��DUH�PLVVLQJ�
JHVWXUHV�LQ�WKH�VFRUH�DQG��E�DQG���E�DUH�YDULDWLRQV�RI�SDJHV���DQG�������3LHUUH�&RXSULH

FIG. 10 /RJDULWKPLF�VSHFWUXPV�RI�,DQQLV�;HQDNLV
V�Taurhiphanie��������WRS��DQG�Voyage 
absolu des Unari vers Andromède��������ERWWRP���SURGXFHG�ZLWK�VRIWZDUH�L$QDO\VH��
������VFUHHQVKRW���3LHUUH�&RXSULH

FIG. 11 ([DPSOHV�RI�WUDQVLWLRQV�E\�FURVVIDGLQJ�RU�E\�D�VLOHQFH�LQ�,DQQLV�;HQDNLV
V 
Taurhiphanie��������SURGXFHG�ZLWK�VRIWZDUH�L$QDO\VH��������VFUHHQVKRW���3LHUUH�&RXSULH 

FIG. 12 CRPSDULVRQ�RI�,DQQLV�;HQDNLV
V�Taurhiphanie��������WRS��DQG�Voyage absolu 
des Unari vers Andromède's��������ERWWRP��ZDYHIRUP�DQG�GHYLDWLRQ�EHWZHHQ�WKH�
506�DPSOLWXGHV�RI�WKH�WZR�FKDQQHOV�LQ�UHG��SURGXFHG�ZLWK�VRIWZDUH�L$QDO\VH��������
VFUHHQVKRW���3LHUUH�&RXSULH
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���9LD�D�YHU\�VKRUW�VLOHQFH������VHFRQGV�DW�PRVW��SUHVHQW�RQO\�LQ�
Taurhiphanie�

���%\�XVLQJ�D�YHU\�VKRUW�FURVVIDGH�
���%\�XVLQJ�ORQJ�FURVVIDGHV�RU�SURJUHVVLYH�WUDQVIRUPDWLRQV�RI�WKH�
PDWHULDO��FIG. 11

Taurhiphanie��,DQQLV�;HQDNLV��H[DPSOHV�RI�WUDQVLWLRQV�E\�FURVVIDGLQJ�
7KHVH�WUDQVLWLRQV��ERWK�LQ�ODUJH�SDUWV�DQG�VKRUWHU�VWUXFWXUHV��FUHDWH�JUHDW�
FRQWLQXLW\�LQ�WKH�HYROXWLRQ�RI�IRUP��+RZHYHU��ERWK�ZRUNV�DOVR�KDYH�IRUPV�RI�
GLVFRQWLQXLWLHV�WKDW�DUH�UHYHDOHG�LQ�WKH�EDODQFH�EHWZHHQ�WKH�WZR�FKDQQHOV��
,DQQLV�;HQDNLV�V\VWHPDWL]HG�D�VWURQJ�VWHUHRSKRQLF�RVFLOODWLRQ�RI�WKH�
PDWHULDO��FIG. 12�VKRZV�WKH�ZDYHIRUPV�DQG�D�GHYLDWLRQ�FXUYH�RI�WKH�506�
amplitude[48] LQ�UHG��

,W�FDQ�EH�QRWLFHG�WKDW�WKH�IUHTXHQF\�RI�RVFLOODWLRQ�LV�YHU\�GLIIHUHQW�
LQ�WKH�WZR�ZRUNV��(YHQ�LI�WKH�RQH�DW�WKH�WRS��Taurhiphanie��KDV�D�JUHDWHU�
UDQJH�RI�GHYLDWLRQ��WKLV�RVFLOODWLRQ�LV�DOPRVW�FRQWLQXRXV��RQO\�Voyage 
Absolu des Unari vers Andromède�KDV�VRPH�PRPHQWV�RI�UHODWLYH�VWDELOLW\�
�DURXQG��
��

���
��

�DQG���
��

��

&RQWLQXLW\�DQG�GLVFRQWLQXLW\�DUH�WKHUHIRUH�WR�EH�IRXQG�DW�VHYHUDO�
WLPHVFDOHV�DQG�DUH�FRPSOHPHQWDU\�WR�HDFK�RWKHU��7KXV��WKH�GH�FRUUHODWLRQ�RI�
WKH�FKDQQHOV�DOORZV�WKH�FRPSRVHU�WR�REWDLQ�D�OHVV�PRQROLWKLF�PDWHULDO��,W�LV�
HDV\�WR�LPDJLQH�ZKDW�,DQQLV�;HQDNLV�ZDQWHG�ZKHQ�KH�VXJJHVWHG�SOD\LQJ�WKHVH�
VWHUHRSKRQLF�YHUVLRQV�RYHU�IRXU�ORXGVSHDNHUV�E\�FURVVLQJ�WKH�FKDQQHOV�

CONCLUSION
,Q�WKLV�VKRUW�SDSHU��,�KDYH�DWWHPSWHG�D�ILUVW�DSSURDFK�DW�FRPSDUDWLYH�
DQDO\VLV�RI�WKHVH�WZR�HPEOHPDWLF�ZRUNV�RI�HOHFWURDFRXVWLF�SURGXFWLRQ�E\�
,DQQLV�;HQDNLV��$V�,�KDYH�EHHQ�DEOH�WR�GHPRQVWUDWH��WKH�XVH�RI�DQDO\WLFDO�
PHWKRGV�EDVHG�RQ�DFRXVWLF�UHSUHVHQWDWLRQ�RU�YLVXDOL]DWLRQ�RI�LQIRUPDWLRQ�
H[WUDFWHG�IURP�WKH�VLJQDO�KDV�DOORZHG�PH�WR�VWXG\�WKH�FRQVWUXFWLRQ�RI�WKH�
ZRUNV�LQ�PRUH�GHWDLO��DQG�DOVR�WR�SURSRVH�VRPH�K\SRWKHVHV�DERXW�WKH�
FUHDWLYH�SURFHVV��7KH�H[SORUDWLRQ�RI�QHZ�VRXUFHV�ZLOO�SUREDEO\�EH�DEOH�WR�
FRPSOHWH�WKHVH�DQDO\VHV�

,I�,DQQLV�;HQDNLV�KDV�SURYLGHG�D�PRGHO�IRU�WKH�LQWHUDFWLRQ�EHWZHHQ�
PDWKHPDWLFV��FRPSXWHU�VFLHQFH��DQG�DUWLVWLF�FUHDWLRQ��KH�KDV�DOVR�RIIHUHG�
XV�D�PRGHO�IRU�ZKDW�DUH�NQRZQ�DV�GLJLWDO�KXPDQLWLHV��MXVW�DV�-HDQ�&ODXGH�
5LVVHW�GLG��5HVHDUFK�RQ�VXFK�ZRUNV�FDQQRW�EH�FRQGXFWHG�ZLWKRXW�WKH�
interaction between several scientific disciplines and a constant back and 
IRUWK�EHWZHHQ�UHVHDUFK�DQG�FUHDWLRQ��7KURXJK�KLV�ZRUNV��,DQQLV�;HQDNLV�
KDV�VKRZQ�XV�D�YHU\�ULFK�SDWK�IRU�PXVLF�UHVHDUFK�E\�FRPELQLQJ�LQ�WKH�
VDPH�GLVFLSOLQH�LVVXHV�WKDW�PD\�VHHP�YHU\�GLIIHUHQW��EXW�ZKLFK�FRQWULEXWH�
WR�WKH�VDPH�JRDO��WKH�UHQHZDO�RI�DUWLVWLF�IRUPV�
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