
THE GEOGRAPHY OF BRITAIN - ACCORDING TO PTOLEMY




(The Search for Bullaeum)





By R M Garrett





CONTENTS

Section








Page

Introduction







2

Preliminary analysis - Latitude




3

Preliminary analysis - Longitude




7

Bullaeum - Discussion and Speculation



11

‘Unknown’ Sites







12

Conclusions and Recommendations




16

References








17

Appendix A
Ptolemy’s Geography and History

18

Appendix B

Guide to Some Simple Statistical




Terms and Methods



21

Appendix C
Revised Analysis




23




THE GEOGRAPHY OF BRITAIN - ACCORDING TO PTOLEMY

Introduction

1.1
In about 150AD Claudius Ptolemy, while living in Alexandria, published his Geography - which was essentially an Atlas showing all the (then known) world from the Canary Islands in the west to Indochina in the east (a span of about 130 ) and from south of the equator to the north of Scotland and Denmark.  The “Atlas” consisted of the “whole world map” and a large number of detailed maps of individual areas.  These maps were accompanied by a commentary that provided - for the major towns etc - estimates of their Longitude and Latitude measured in degrees and minutes but rounded to the nearest 5 minutes of arc.  Although Ptolemy’s original maps have not survived, the commentaries and instructions for drawing the maps have.  One of the maps was of Great Britain and it lists (in addition to numerous coastal features)  58  towns (and the tribes associated with them) as well as providing their respective co-ordinates. (See Figure 1 which, for convenience, has been taken from Reference 1 although it appears to plot some sites not at the locations shown in its nominal source - which was Reference 2.  The image is no longer clickable!) 




Figure 1

1.2
Of particular interest to Herefordians should be BULLAEUM which appears to lie  between Corinium (Cirencester) and Uriconium (Wroxeter) i.e. somewhere around Hereford itself. However, although the picture of southern Britain is reasonably recognisable, even here, there are some deviations from reality which are very obvious to someone familiar with a modern map.  Moreover, once the map strays over Hadrian's wall there is a major error in which Scotland seems to be rotated through almost 90 to the east!  Nevertheless,Thayer (Reference1) maintains that, south of a line through Deva (Chester) and Lindum (Lincoln), Ptolemy’s co-ordinates should be considered as more trustworthy than has often been assumed.  Indeed, although Ptolemy himself had never been to Britain, the Roman influence should have provided a good basis for the data published by the various sources used by Ptolemy.


1.3
BULLAEUM has sometimes been equated with BURRIO (Usk) but the change of double letter is often seen as a significant difficulty in this interpretation. Unfortunately, no other reference to Bullaeum occurs in the ancient literature so there are no means of cross checking Ptolemy’s co-ordinates.  All the information about Ptolemy’s Bullaeum has to come from Ptolemy’s data alone.  In consequence this paper sets out to use the co-ordinates provided by Ptolemy, to conduct some simple analysis of those data and to try to draw conclusions on the likely location of this particular town - which is described in the Geography as a town of the Silures.   The conclusions of the analysis have then been applied to revise the co-ordinates for the other “unknown” towns south of the Chester to Lincoln line - but without any major attempt to take identify them further.  For more information on Ptolemy’s Geography; Dover Publications issued (in 1991, Reference 2) a paper back version of the text originally translated into English by E L Stevenson and published in New York in 1932.

Preliminary Analysis    -  Latitude 

2. 1

The 18 well identified towns which Ptolemy lists after Chester and which therefore lie below the Chester to Lincoln line are shown on Table 1 (next page) with the longitude and latitude given by Ptolemy (as shown in Reference 2) and the equivalent modern values.  (The unidentified towns in this area are Bullaeum, Salinae (Catuvellauni), Iscalis, Dunium, Voliba, Uxella and Tamara and these will be addressed in section 5 of this paper under the heading “Unknown  Sites“.)  In the Table, the “modern” figure for longitude have been rebased by 18 (following the precedent set by Reference 1) to make them more directly comparable with Ptolemy’s values which put zero degrees of longitude at the most westerly point of the Canary Islands - the most westerly point of the world known to Ptolemy. 

2.2
The aim of the analysis should be to identify and quantify the systematic errors in Ptolemy’s data, to determine how these systematic errors will have affected Ptolemy’s values for the “unknown” locations and to assess the remaining random errors to provide confidence limits to the resulting predicted locations.

Table 1

Ptolemy
Modern 
Ptol. Long   
Ptol. Lat 
Mod Long    
Mod Lat  


Deva
Chester
17       30
56        45
15        09
53        12


Viroconium
Wroxeter
16       45
55        45
15        20
52        41


Lindum
Lincoln
18       40
56        30
17        27
53        14


Ratae
Leicester
18       00
55        30
16        51
52        38


Urolanium
St Albans
19       20
55        30
17        38
51        46


Venta (Iceni)
Caistor
20       30
55        20
19        18
52        39


Camulodunum
Colchester
21       00
55        00
18         54
51        54


Luentinum
Pumpsaint
15       45
55        10
14         05
52        03


Maridunum
Carmarthen
15       30
54        40
13        42 
51        52


Corinium
Cirencester
18       00
54        10
16        05
51        44


Caleva
Silchester
19       00
54        15
16        50
51        18


Londinium
London
20       00
54        00
17        56
51        30


Daruernum
Canterbury
21       00
54        00
19        07
51        17


Rutupie
Richborough
21       45
54        00
19        21
51        18


Noemagus
Chichester
19       45
53        05
17        12
50        50


Aquae calidae
Bath
17       20
53        40
15        39
51        23


Venta (Belgar.)
Winchester
18       40
53        00
16        39
51        04


Isca
Exeter
17       30
52        45
14        30
50        43


2.3
On a perfect sphere each degree of latitude would subtend the same distance on the earth’s surface while the distances represented by one degree of longitude diminish to vanishing point as the poles are approached.  Near Hereford, a degree of longitude is only worth about 60% of the distance implied by of a degree of latitude.  Moreover, the ancients seem to have been more successful in measuring latitude because the instruments where simpler and more exact.  Really successful measurement of longitude - particularly at sea (from whence come some of Ptolemy’s data) was not available until accurate clocks were built in the 18th century.    Ptolemy thought that his world map extended over 177 degrees of longitude when in practice the span is nearer to 130.  This suggests that analysis of latitude figures will be an easier, more exact  and therefore more convenient place to start.  Table 2 (next page) shows, in the second column, the differences between Ptolemy’s figures and the real (ie modern) values of latitude for the various sites.  On Figure 2 (also next page) the abscissae are Ptolemy’s values for latitude (in preference to their modern equivalents) because this permits looking up the values for “unknown” sites directly.

Table 2

Location
   Latitude  
Lat          (Lat - 47)
       Lat    Long
Systematic Error   
Random Error  


Chester
213
21.8
12.2
213
0


Wroxeter
184
21.0
11.0
191
-7


Lincoln
196
20.6
10.5
208
-12


Leicester
172
20.2
9.6
186
-14


St Albans
224
26.4
11.6
186
+38


Caistor
161
19.3
7.9
182
-21


Colchester
186
23.3
8.9
175
+11


Pumpsaint
187
22.9
11.9
178
+9


Carmarthen
168
21.9
10.8
168
0


Cirencester
146
20.4
8.1
157
-11


Silchester
177
24.4
9.3
158
+19


London
150
21.4
7.5
153
-3


Canterbury
163
23.3
7.8
153
+10


Richborough
162
23.1
7.4
153
+9


Chichester
135
22.2
6.8
133
+2


Bath
137
20.6
7.9
146
-9


Winchester
116
19.3
6.2
131
-15


Exeter
122
21.2
7.0
126
0


2.4
Figure 2 then shows the latitude errors plotted as a function of the latitude quoted by Ptolemy. The “trend” line shown has been fitted largely by eye (since I do 

not have a proper “best fit” or “least squares” program available).  For a possible explanation of the intercept at  47 and other comments on the methods used by Ptolemy,  see Appendix A.  

2.5
 Some arithmetic has shown that the use of a line through 47 produces a lower Standard Deviation (STD) than lines through 48 or even 49.5which might seem at first sight to be more probable.  (See Appendix B - which has been abstracted from  Reference 3 - for a simple guide to statistical terms.)   This implies that the trend line shown is good enough for a simple analysis.

2.6
Clearly, the errors increase with latitude.  Indeed the general scatter around the line drawn through the points is surprisingly small considering the antecedents of the data.  The increase of error with latitude is evidence of a fairly powerful systematic error and one possible source for this, is the conversion between miles and degrees.  A Roman mile (Rmile) was equal to about 1611 yards.  If Ptolemy was basing his co-ordinates on data from measurements of distances between known points (e.g. towns), as seems most likely, and using the conversion favoured by Posidonius (62.5 Rmiles to the degree - rather than the modern value of about 71 statute mile or 79 Rmiles) an increase in error as the latitude increases is very likely.  (Indeed, in his “Book 1”, Ptolemy quotes the distance from London to Chichester as 59 Rmiles and this corresponds remarkably well with a figure of 58.1 Rmiles which can be derived - using Posidonius’s coefficient - from the rounded longitudes and latitudes.)   However, the slope of the graph suggests that this is not the whole story.  The increase in error, from using Posidonius’s conversion, should be about 26% (i.e. just over 16 minutes per degree); but the actual increase is over 21 minutes per degree.  An even flatter “trend” line with an intercept at perhaps 46might reduce the discrepancy but such a line does not seem to be supported by the data.  How Ptolemy and his sources, made the connection between Britain and the rest of the Roman Empire is not immediately clear although it presumably had something to do with visual sightings across the Dover Straits.  This may also have contributed to the errors on Figure 2.  Fortunately, for the purposes of reconciling Ptolemy’s locations with modern ones, the origin of the errors is immaterial (though perhaps interesting - see Appendix A), all that matters is the errors themselves.  

2.7
In order to estimate the magnitude of the remaining random errors the data has been transformed by firstly subtracting 47 from Ptolemy’s latitudes (to recognise the baseline deduced from Figure 2) and then dividing the answer into the actual error for that site.  The resulting values are shown in column 3 of Table 3.  The average of these values gives a mean systematic error of  21.85 minutes per degree north of the 47th parallel (and the consistency of the figures in column 3 confirms the dependence on latitude).  By multiplying the average by Ptolemy’s latitude values (less the 47), the systematic error can be calculated and this is shown in column 5 of Table 2.  Subtracting the systematic errors from the actual errors then leaves the remaining errors shown in column 6 as random errors.  These errors are noticeably less than the systematic errors and the standard deviation (STD) of these data is just under 14 minutes of arc.  As a simple check on the sensitivity of this process the figures were also calculated with a baseline set at 48 of latitude and the standard deviation of the resulting random errors was also very close to 14 minutes of arc (although slightly larger than the STD obtained using 47.  The choice of 47is therefore not critical. 

2.8
However, although it is not immediately obvious, there may also be some dependence of the error on the longitude of the site. To assess this possibility the latitude errors have been plotted as a function of Ptolemy’s longitude for that point and the results are shown on Figure 3.  
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2.9
There is no obvious dependence on longitude!  So the errors were divided by the respective longitude values - to give column 4 of Table 2.   These values do not show any significant degree of consistency, so any dependency on longitude will not be of the same form as the dependence on latitude.  The remaining errors, after subtracting the latitude dependency, are probably “random” .  Although a full multiple regression analysis (see appendix B) might give a slightly more accurate prediction of the systematic error, the difference is likely to be small and (for the purposes of this initial analysis) can safely be ignored.

Preliminary Analysis   -  Longitude

3.1
Turning to the errors in longitude, these have been treated in the same way as the latitude errors.  Column 2 of Table 4 (next page) shows the raw errors and these errors are then plotted as a function of Ptolemy’s longitude and latitude respectively  on Figures 4 and 5.  

Table 3

Location
   Longitude  
Long      59 - Lat
     Long    Long
Systematic Error   
Random Error  


Chester
141
62.7
8.06
61.2 +5
74.8


Wroxeter
85
26.2
5.07
88.4 +5
1.6


Lincoln
73
29.2
3.91
68.0 +5
0


Leicester
69
19.7
3.83
95.2 +5
-31.2


St Albans
102
29.1
5.28
95.2 +5
1.8


Caistor
72
19.6
3.51
99.7 +5
- 32.7


Colchester
126
31.5
6.00
108.8 +5
12.2


Pumpsaint
100
26.1
6.34
104.3 +5
- 9.3


Carmarthen
108
24.9
6.97
117.9 +5
- 14.9


Cirencester
115
23.8
6.39
131.5 +5
- 21.5


Silchester
130
27.4
6.84
129.2 +5
- 4.2


London
124
24.8
6.2
136.0 +5
- 17.0


Canterbury
113
22.6
5.38
136.0 +5
- 28


Richborough
144
28.8
6.62
136.0 +5
3.0


Chichester
153
25.9
7.75
160.9 +5
- 12.9


Bath
101
18.9
5.82
145.1 +5
- 49.1


Winchester
121
20.2
6.48
163.2 +5
- 47.2


Exeter
180
28.8
10.29
170.0 +5
5.0
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3.2
These charts are less clear than Figure 2, but the longitude error appears to diminish at greater latitudes (Appendix C Fig. C.1 may help to convince) while the error appears to be independent of longitude.  This latter negative result is surprising since it seems probable that Ptolemy and Marinus were using Posidonius’s coefficient to convert distances into degrees.  The observed dependence of longitude error on latitude is even more surprising (perhaps even bizarre), but a possible explanation of how these relationships might arise is given in Appendix A.  The search for a dependence on longitude, led to the production of Column 4 of table 3 but there is not sufficent consistency in the figures to justify assuming a direct relationship between the longitude errors and longitude itself.  Computer generated “best-fit” lines might help to reduce the scatter and reveal an underlying relationship but, even then, the random error seems likely to be significant and may well make any systematic errors difficult to discern.  The trend line in Figure 5 has been inserted with the help of column 3 of Table 4 but the average slope is significantly dependent on the outlying point (representing Chester) which stands out sharply on both the Table and the graph.   However, at this stage in the analysis, it seems better to include all the available data. Even any mis-copying errors will then be included in the calculation of the STD and any conclusions drawn on the basis of these STDs will be more robust.  

3.3
As noted earlier (para 2.9), the most rigorous way to analyse the data would be to conduct a full multiple regression analysis whereby an equation of the form:-



Error =  A x (longitude - B) + C x ( latitude - D) + E 

would be fitted to the points by varying the values of A, B, C, D and E until the value of the errors from the computed line were minimised.  However, since the errors seem to be independent of longitude the systematic error in Table 4 is calculated solely from the dependence on latitude and a suitable zero error (shown separately in column 5).  This is by no means an ideal fit and could no doubt be improved somewhat with more rigorous statistical techniques; but, given the very real doubts about some of the data (see comments on Chester above and next paragraph) little further improvement in prediction is likely.  

3.4
However, if it is possible to identify some errors in Ptolemy’s figure as they appear in Reference 2   this may enable the predictions to be improved.  In particular, there are two figures, at least, which must be quite suspect;  the latitude of St Albans and the longitude of Chester.  Any Roman traveller from St Albans to Leicester would know that the separation was more like 70 miles north and not the 25 miles west suggested by Ptolemy’s co-ordinates as we have received them today.  The question is whether the co-ordinates have been wrongly copied at some stage between the Romans leaving Britain and the re-emergence of Ptolemy’s text in the Middle Ages.  (Presumably any errors created by Ptolemy himself from mis-copying data from Marinus would have been identified and corrected in ancient times - indeed Ptolemy grumbles about Marinus continually updating his data and not publishing the final version!.)  If there has been a mistake in the copying at some time, how could it have happened?  The most likely error to occur would be from adding or subtracting a letter “I” in the degrees column of a co-ordinate written in Roman numerals.  In the case of St Albans, putting 55 instead of 54 would be quite easy since it appears between two other sites which have a latitude beginning 55.  A similar error in the minutes column would be less likely because of the rounding to the nearest 5 - V, X and L would be more difficult to get wrong.  Of course, in principle, errors could have been inserted since the 15th century - it is much easier to mis-copy numerical data than text -  as I can confirm from bitter experience. (One of the tables in Reference 1 seems to have about half the locations with at least one of the co-ordinates wrong!)  However, after its re-emergence, Ptolemy’s text was widely copied and modern scholars have tried to make use of all the copies so that any single mis-quote in the text should be eliminated.  However, this does not necessarily mean that they have selected all the correct figures; the odd one out may have been the right one!

3.5
The only possible cross-check which could deny that the “blatant” errors are plausible is to see whether the revised location remains within the boundary defined by Ptolemy by means of coastal features i.e. the land-sea boundary.  Both “corrected“ sites do indeed still lie within that boundary.  

3.6
Assuming that the two “blatant” errors identified in paragraph 3.4 are due to a one degree error, the analysis can be repeated using the new figures and the results scanned to try and identify dependence on longitude. This process is described in Appendix C and the net result of adjusting the two "blatant “ errors is to change the systematic error slopes to 21.2 minutes per degree for the latitudes and to 25.4 minutes per degree for the longitudes.  The revisions also reduce the standard deviation of the latitude data to 10.3 or about 12 miles in modern terms.  The longitude STD is reduced to a figure of 17.5or about 13 miles at the latitude of Hereford.  The other analyses in Appendices A and C then confirm that no simple dependence on longitude is likely to improve the standard deviation of the latitude or longitude errors still further.  

BULLAEUM  -  Discussion and Speculation
4.1
Perhaps the first point of interest in any discussion of Bullaeum, is why it is not immediately and confidently identifiable?  The answer to this question, must lie to some extent in the way in which data was presented to Ptolemy.  Much of his data seems likely to have come from, or at least via, Marinus who was almost Ptolemy’s contemporary but is believed to have lived a little earlier.  Moreover Ptolemy refers to Britain and Ireland by their pre-Roman names ( Albion and Hibernia rather than Britannia Magna and Britannia Parva) implying that much of the information was derived from sources produced before (or very soon after) the Claudian invasion of AD43.   In many ways therefore Ptolemy’s maps were probably well out of date before they were even issued and the towns mentioned would not necessarily be those which were then current and important.   Bullaeum appears in Ptolemy’s phrase “more towards the east are the Silures whose town is Bullaeum.”  It seems unlikely that Bullaeum was the only town occupied by the Silures who seem to have been quite widely spread and it may not even have been their main town - merely the only one that Ptolemy had records for.   

4.2
Removing the systematic errors from Ptolemy’s co-ordinates using the results in Appendix C, produces a central estimate for the location of Bullaeum at a Latitude of 52 10 and a Longitude of  2 West of the Greenwich meridian.  The standard deviations of latitude and longitude respectively equate to 12 statute miles and 13 statute miles.

4.3
 The error bands quoted in the above analysis do not pin down where to locate Bullaeum but they give some idea of the probabilities.  Both Hereford and Usk lie well within the limits of one standard deviation of longitude (normally about two thirds of a randomly distributed sample will fall within this error band ).  However, while Hereford is close to the predicted mean position for latitude from Appendix C (actually South of the predicted location), Usk lies 20 minutes further south putting it about 3 standard deviations away from the central prediction.  Appendix B points out that 359 out of 360 points in a normal distribution will usually lie within 3 standard deviations.   An alternative identification of Bullaeum with Builth which has sometimes been made is also possible (but perhaps less likely)  since although the latitude would be within a reasonable error band the longitude looks too far west to fit within the standard deviation. This is not to say that Bullaeum is near Hereford, but it suggests that other clues should be sought to see if they could confirm or deny the possibility.

4.4
If, Bullaeum were located in the region of Hereford there might be place names that could reflect the ancient name - which might well be a Romanised form of a much earlier name.  In addition, a town of the pre-Roman period might be expected to have some association with an Iron Age hill fort.  These speculations bring to mind the hill fort of Dinedor and the associated villages, which were known until quite recently as Upper and Lower Bullingham.  (Upper Bullingham has now become Bullinghope).  

4.5
Another source of speculation is the form of the Roman roads near Hereford. The road south from Bravonium (Leintwardine) can be followed (according to Reference 4) as far as Hereford itself where evidence has been found on Widemarsh common. However, the road to the Roman town of Magnis (Kentchester) is at a sharp angle, as if it were an after thought. The alignment of the main road from Leintwardine to Hereford seems to be directly towards Dinedor as it approaches Hereford and the road north from Ariconium (Weston under Penyard) also seems to be heading that way (according to the Ordnance survey map of Roman Britain - Reference 5) until it diverges further north near Mordiford on the banks of the river Wye.  This section of road is not precisely located but a spur could easily have gone to Dinedor and on to Leintwardine - assuming there was a suitable river crossing nearby.

4.6
All this speculation leads to the suggestion that Bullaeum was the original local Silurian town located between Dinedor and the Wye (somewhere around Bullingham).  I have seen a statement that excavations have shown substantial occupancy in these areas both before and after the Roman invasion (but unfortunately I’ve lost the reference).  The field patterns on the tithe maps of Bullingham are such that there could have been an earlier enclosure between the Withey Brook and the small tributary running into the Wye at Lower Bullingham.  Once the Romans had become really settled, they could then have built or redeveloped a town at Kentchester and this then led to the abandoning of the old town, the change in the road system and the loss of the name Bullaeum - except in the remaining village names.  

4.7
If Bullaeum is in the vicinity of Hereford, this confirms the view that the Silures extended their domain a little further north than has sometimes been acknowledged and that the river Wye was indeed their natural boundary.  This is the view incorporated into the visitor guide at Dinedor camp.  On the other hand, the Ordnance survey map of Roman Britain puts the opposite view - that the Dobunni were established well south of Hereford.   In either case, it would make any identification of Bullaeum with Kentchester unlikely (although the latter would fit the co-ordinates quite well) because Kentchester is on the north bank of the river and (I believe) has also been positively linked with the Dobunni by archaeological finds.  Perhaps the Silures felt it necessary to keep a watching brief on their Dobunni neighbours at Credenhill (the largest hill fort in Herefordshire) and used Dinedor/Bullaeum - just across the river - for that purpose.

 “Unknown” Sites
5.1
The “Modern” co-ordinates shown in Table 4 (next page) are derived from the revised analyses of Appendix C - thus they are assuming that just two “blatant” mistakes have been made in recording Ptolemy’s co-ordinates (for the 18 “known” sites analysed) at some time in the last 1800 years.  For ease of comparison with modern maps, the longitude predictions are shown relative to the Greenwich meridian.  

Table 4

Ptolemy Name
Ptol Long
Ptol Lat
Modern Long
Modern Lat


Bullaeum 
16          50
55         00
2        50 W
52      10


Salinae (Catuvellauni)
20          45
55         50
1        27  E
52      43


Iscalis
16          00
53         40
4        6  W
51      19


Dunium
18          00     
52         40
2        39  W
50      40


Voliba
14          45
52         00
6        11  W
50      14


Uxella
15          00
52         45
5        37  W
50      43


Tamara
15          00
52         15
5        50  W
50      24


5.2
The location of BULLAEUM has already been discussed extensively in paragraph 4.1 et seq.

5.3
The co-ordinates shown for SALINAE of the Catuvellauni suggest a location near Wroxham in Norfolk, but this would then put it in Iceni territory.  Clearly this Salinae is neither Droitwich nor Middlewich (see Reference 5) because again the “wrong” tribe would be involved.  Since the other Catuvellauni site quoted (St Albans) had  been moved a “blatant” one degree North, it seems likely that Salinae has suffered a similar fate.  However, Salinae would then be very saline (i.e. in the sea) so to make sense of the predicted location requires the assumption of another one degree error - this time westerly.  This puts Salinae quite close to Chelmsford (Caesaromagus) and firmly in Catuvellauni territory as shown by Reference 5.  The actual co-ordinates suggest a location near Bradwell on the Blackwater estuary and Salinae may have lost favour when  the Romans developed Caesaromagus and Othona which Reference 5 shows as very close to Bradwell but on the sea coast..  Perhaps “blatant” 1errors should be expected in some of the “unknown” locations - otherwise they might have been positively identified earlier.  These one degree errors are large - compared with the random errors described by the STDs - and so are relatively easy to identify.  Assuming the identification is correct, the “blatant” errors could have occurred at various times.  The data used by Ptolemy could have been wrong, Ptolemy could have mis-quoted it, or the errors could have crept in during subsequent copying.  Certainly, the errors were present by the time the Ebner manuscript maps were produced in the 15th century - see Reference 2 - which put Salinae to the North of Venta Icenorum (Caistor). 

5.4
The location of ISCALIS seems at first sight much more straightforward.  A location in the general area of the Barnstable estuary fits the calculated co-ordinates quite adequately.  Although the latitude of Barnstable itself is just outside one STD from the central prediction, this does not make it statistically improbable. However, such a location would be well outside the normally recognised bounds of the Belgae.  The alternative seems to be yet another one degree shift.  A location near Burnham on Sea then looks distinctly likely as it would fit the tribal attribution well. The Roman road North West from Ilchester is clearly heading for the estuary of the river Parrett, but without any specific site at the end of it (Refs 4 & 5).  Iscalis is likely therefore to have been th target.

5.5
The co-ordinates for DUNIUM suggest a site fairly close to Portland Harbour.  If navigation were possible behind Chesil Bank in Roman times, a site near Abbotsbury would be closer to the central prediction, but a site near Portland itself or Weymouth is still more likely. There is no conflict here with the tribal attribution and the Roman road South from Dorchester (Durnovaria) goes to Weymouth (Refs 4 and  5)  Again an estuary site may well have been replaced by a Roman development (Dorchester) more inland where it would be easier to construct roads.

5.6
VOLIBA, UXELLA and TAMARA, however, present much more of a problem.  Although the calculated latitudes are entirely credible, the longitudes would put the sites in the sea  However, this is not another Atlantis story, so do not despair. Ptolemy (Book One Chapter XVIII of Reference 2) makes the point that it is dangerous to try to construct maps solely from the commentaries (which is all we have today).  Presumably this was because he was fully aware of the different sources from which his data was drawn.  The land based data may not be compatible with the sea borne data.  For maritime provinces, it seems likely that Ptolemy would have used the sea-borne data for the overall shape of the land-sea boundary and then tried to fit the land based data within that boundary. It would be natural for the sea-borne data to be less accurate and to have a tendency to exaggerate the size of rocky coasts (such as Cornwall) to help other sailors to avoid bumping into them!  Where there is no significant difference between the land and sea data, Ptolemy would have no problem.  However, where there were major differences, Ptolemy would have to try to reconcile the two sources of data.  In the particular case of Cornwall, there is in Ptolemy’s map (as shown on the version in the Ebner manuscript - Reference 2) a considerable dearth of towns in the most westerly part of the peninsula.  This is mainly because the coastline is too generous (in terms of longitude).  It is quite possible that Ptolemy’s original (land based) values for the longitudes of the towns in this area were actually further east but that - seeing an enormous vacant area he decided to push the towns further west (as far as he dared) to try to fill the gap.  (This could also explain the one degree shift for Iscalis).  As in paragraph 3.4, a one degree error in his sources, could well have looked likely to Ptolemy, but what his actual ’corrections’ were - if they actually occurred - is not known (and statistics is unlikely to help) but such a process could certainly help to explain the observed difficulties in identifying Iscalis and the Cornish towns.

5.7
Although the coastal data may be seen as less robust than the land based data, it could still provide a useful cross-check in the present dilemma.  In particular, two of the “unknown” towns - Uxella and Tamara have counterparts in the names of estuaries.  Uxella town is put at 15  of longitude while the Uxella estuary is put at 16Similarly, Tamara town is located by Ptolemy at 15 of longitude while the mouth of the Tamarus river is put at 15 40 of longitude.  This internal conflict within the Ptolemy version published as Reference 2, confirms that significant errors have indeed occurred and encourages speculation based on 1adjustments to the calculated figures.

5.8
Putting UXELLA (town) one degree further east would then put the Padstow /Wadebridge estuary well within the STD of the calculated longitude.  Unfortunately, the “estuary” value for latitude  looks wrong - it would be 1too far north and Uxella would be back in the sea so the original calculated latitude based on Uxella town is to be preferred.  Nevertheless, the cross-check does provide some relatively convincing evidence in support of the identification of Padstow (or Wadebridge or some other port in that area) with Uxella.  

5.9
The difference in longitude between TAMARA and “mouth of the Tamarus river” is only 40 so it does not eliminate the discrepancy between the “calculated” location and Saltash.  However, the longitude error is reduced to almost exactly one degree and would just about make Tamara dry!  Nevertheless, the similarity of the names must surely mean that Tamara, the Tamarus river  and the river Tamar are all closely related.  Another 1adjustment would allow the association.

5.10
This leaves only VOLIBA, for which Ptolemy gives co-ordinates close to those for the mouth of the Cenio river.  The latter, from its location between the Tamar and the Lizard (Ocrium promontary) must surely be the river Fal.  Again a one degree shift in longitude would put Voliba very close to Falmouth.

5.11
The consistency of the one degree longitude shifts in the Cornish promontory may well be a sign that they were deliberate changes made by Ptolemy (or perhaps one of his predecessors) in trying to reconcile the land and sea data.  This would be more credible than assuming that accidental copying errors were focussed in this small area. 

5.12
Table 5 has therefore been constructed showing the locations for the sites identified above and their associated longitudes and latitudes and  with the adjusted calculated co-ordinates also shown.  When the analysis was being done I had no knowledge of whether any of these sites has previously been connected with Ptolemy’s locations.  However, I have since looked quickly at the internet and discovered that Falmouth has been linked with Voliba - largely I think on etymological grounds - which also provides the Tamara to River Tamar link.  Otherwise the locations seem to be new proposals.  

Table 5

Ptolemy Name
Modern location
Calculated Latitude
Modern latitude
Calculated Longitude
Modern Longitude


Bullaeum
Dinedor
52      10 10
52      3
2   50  17.5W
2       45W


Salinae   (Catuvellauni)
Bradwell
51      43 10
51      43
0   52  17.5E
0       52E


Iscalis
Burnham on Sea
51      19  10
51      15
3    6  17.5W
3       0W


Dunium
Portland  or Abbotsbury
50      40  10
50     38               50     40
2   39  17.5W
2       29W  or      2       39W


Voliba
Falmouth
50      14  10
50      8
5   11  17.5W
5       3W


Uxella
Padstow
50      43  10
50     33
4   37  17.5W
4       27W


Tamara
Saltash
50      24  10
50     24
4   10  17.5W
4       12W


5.13
In summary, although the numerical calculations have not been sufficient to identify all of the sites directly and positively, they do seem to offer useful assistance in locating the general areas of “unknown” towns to within about 12 miles.   The STDs, (although small in comparison with the precisely one degree changes which have crept in to some of the locations), are still large enough to make the final location of an “unknown” site rather arduous.  The one degree corrections may have arisen either from poor copying over a period of about 1200 years or perhaps even from deliberate adjustments made by Ptolemy or his predecessors -  they seem to be most common  where there is conflict between sea and land data.  Even with these adjustments,  the identifications seem to be reasonably persuasive and robust.  However, only finding artefacts, in situ at a site, with the name on will be complete proof.

Conclusions and Recommendations

6.1
Statistical analysis of the data provided by Ptolemy shows that the data contain significant systematic errors.  Since these systematic errors can be removed, the co-ordinates of unknown sites can be corrected.   (Paragraph 3.6)

6.2
The systematic errors (from British data alone) are sufficiently clear for it to be possible to deduce that Ptolemy based all his longitude measurements on Alexandria (Appendix A).  {The deduction was made before discovering that Ptolemy confirms the fact in Book Eight Chapter II (see Reference 2)}.  This derivation must give a high degree of credibility to the other numerical conclusions drawn.

6.3
Simple statistical methods can also set credible “confidence limits” on the location of the unknown sites by assessing the random errors remaining when the systematic errors have been removed. (Paragraphs C.2 and C.5)   Because the derived STDs are much less than one degree, it is relatively easy to identify where accidental (or perhaps even deliberate) errors or adjustments of one whole degree must have been made. (see paragraphs 5.3, 5.6 et seq.)

6.4
Further work is required to optimise the relationships suggested in this paper and to confirm the locations suggested for the 7 unknown sites listed by Ptolemy in the part of Britain south of the line from Chester to Lincoln.  (see paragraph  5.1 et seq. and Table 5)   In particular, confirmation of a location for Bullaeum near Hereford/Dinedor would be very desirable. (Paragraph 4.2)

6.5
In addition, further analysis may enable locations even further north to be treated in a similar way and, perhaps, to suggest the origin of Ptolemy’s major errors in Scotland and Denmark.

6.5 
The form of the systematic errors detected has suggested that Ptolemy used a baseline for his latitude calculations (for Britain) of the tip of the Brest peninsula. 
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Appendix A    Ptolemy’s Geography - Methods and  History

Introduction

A.1
Some aspects of Ptolemy’s methods have already appeared in the foregoing text. However, in the main paper, the prime intention was to identify the sites of previously unidentified towns, so the methods used by Ptolemy were merely incidental.  In this Appendix, evidence from the earlier analysis has been used to study Ptolemy’s methods and, in particular, to postulate an explanation for the seemingly bizarre dependence of Ptolemy’s longitude errors on latitude.

Evidence from the Analysis
A.2
The evidence which has already been presented can be listed as:-


a]
the slope of the relationship between latitude error (delta lat) and 


latitude itself - 21.2 minutes per degree or +35%   (see para 3.6)


b]
the intercept with the zero error axis of the relationship between 


delta lat and latitude itself  -   about 47 degrees (see para 2.5 and C.3);


c]
the relationship between the figure Ptolemy quotes for the distance 


from London to Chichester and the figure calculated using Ptolemy’s 

co-ordinates and Posidonius’s coefficient   -  59 Rmiles compared with 

58.1 Rmiles  (see para 2.6);


d]
the ratio between Ptolemy’s estimate and the real value for the overall 

span of longitudes on his world map  - 177 as against about 130 or 

+36%; (see para 2.3)


e]
the slope of the relationship between longitude error (delta long) and 

latitude  -  25.4 minutes per degree (see para 3.6 or C.5)


f]
the presence of “blatant” errors arising presumably from mis-copying  

(see para 3.4).

A.3
The first conclusion (mainly from c] above) is that Ptolemy was indeed using Posidonius’s coefficient for most of his work.  However, as Ptolemy notes, (Reference 2), journeys on land or sea are rarely if ever completely straight.  The recorded distances are therefore too big and lead to an even greater over-estimate of degrees and minutes when the conversion is made unless some arbitrary reduction is made.  Ptolemy claims to have done this when considering the large scale relationships between counties, but he is clearly less interested in local geography - what he calls Chorography.  Nevertheless, the overall ratio of his longitude to real longitude is still larger than the ratio predicted by using Posidonius’s coefficient alone.  Indeed the ratio in item d] above shows a remarkable similarity to the ratio in item a].  The ratio in item e] is of the same order but noticeably bigger - suggesting, perhaps, a different origin.  

A.4
Ptolemy discusses, briefly, the use of instruments and shadows in measuring (Reference 2  Book 1) and the most obvious use for such measurements would be to check the latitude.  Assuming that such checks were made, it would rapidly become clear that the use of the Posidonius coefficient was leading to significant errors.  Without an alternative coefficient available, the temptation would be to measure the real latitude at some convenient point, ignore the errors to that point and start again with a new baseline and zero error.  In terms of global geography this would not matter too much but it would lead to precisely the sort of intercept shown in item b] above. How Ptolemy came to choose 47 is not certain, but Ptolemy’s instructions for drawing maps may give a hint.  Ptolemy recommends - for right-handed people - that they should begin at the most westerly and northerly points.  (This enables the cartographer to see the finished product without obscuring it with the hand while drawing: it would also help to prevent smudging undried ink.)  Examination of the map Ptolemy presents for western France (Aquitanian Gaul) and considering the associated co-ordinates, suggests that the 47 intercept comes from drawing a line through the westernmost point of the Brest peninsula which Ptolemy shows as being at 47 15.  Statistical analysis of other maps in the Ptolemy atlas would presumably identify other baselines used to minimise the errors caused by the use of the Posidonius coefficient.

A.5
The evidence of item d] (para A.2) suggests that Ptolemy did not use a similar rebasing technique for longitude (perhaps because there was no access to a suitable means of measuring longitude).   Moreover, the systematic dependence on latitude is initially very puzzling.  However, as latitude increases, the conversion from miles to degrees needs to recognise the gradual reduction in the spacing between meridians.  (At the poles the meridians all coincide.)  The formula for the conversion from miles to degrees becomes:-

degrees =  miles  (coeff x cos      

where “coeff” is the value of the coefficient appropriate to converting miles to latitudes (or to longitudes at the equator) and cos  is the cosine of the latitude.  Since Ptolemy clearly ignored the systematic latitude errors the values for cos that he used would all be too small (because his latitudes were too large) and the errors in cos can readily be calculated from the slope of the graph of (delta lat.) v latitude.  However, the actual error in degrees and minutes depends on the baseline from which the error is calculated.  The further the baseline is away, the larger the error will be and only a baseline to the east of Britain can give the correct direction of the slope in Figure 5.  The error only appears to be zero at about 59 because two errors are cancelling each other out.  Use of the Posidonius coefficient in association with distances measured from the zero longitude line in the Canary Islands makes the longitude for Alexandria much too large; but this is then counteracted by using the wrong cos  as well as the Posidonius coefficient when calculating longitudes in Britain. 

A.6
Following on from the point in paragraph A.4 about the use of the Brest peninsula, my first thought was that the Danish peninsula might provide a suitable baseline (see Reference 2 - map Greater Germania).  Indeed, since Ptolemy’s value for the latitude of the most northerly point is close to 59this seems to reinforce the choice.  However, this would seem to contradict the view that Ptolemy did no re-basing of the longitude calculations.  Moreover, simple calculations showed that the resulting errors were only about one third of those necessary to explain the observed systematic dependence of the longitude errors on latitude.  At first sight this seems to imply that some other mechanism is adding to or causing the observed behaviour.  

A.7
As a last resort, it seemed worthwhile to explore the possibility that Ptolemy had really used a baseline much further east.  The Danish peninsula is - in modern terms - about 10 east of Greenwich, so what possible baseline could Ptolemy have used which was as far as 30 degrees east of Greenwich - i.e. well over a thousand miles away?  Examination of a modern atlas provided a very likely answer - Alexandria - Ptolemy’s home town.  It seems that Ptolemy computed all his longitude co-ordinates from mileages measured relative to Alexandria (using the coefficient of Posidonius) and this is why the overall map is so stretched in the east - west direction.  Having come to this seemingly remarkable conclusion, I found (some days later) that Ptolemy actually confirms that process in his Book Eight  Chapter II (Reference 2).  The numbers do not lie!  (The similarity between the 59 intercept on Figure 5 and the longitude of the most northerly point of Denmark is no more than coincidence - as is the similarity of the slopes on Figures 2 and 5.)

A.9
Initially, this result implies that detailed calculations might permit some further correction of the longitude errors.  Two factors, however, militate against such calculations being useful.  First, the immense distances provide a great opportunity for random errors to creep in and secondly, not knowing where Ptolemy inserted new baselines in the latitude calculations will cause considerable difficulties.  Moreover, the best STD for longitude - derived in Appendix C - is only  13.3 miles.  At the end of an overall span of about 1500 miles, such a small standard error is quite surprising.

A.10
Finally, of the items in paragraph A.2, what can be made of possible errors in some co-ordinates?  Clearly, most of the data is still valid - or the systematic errors would not appear.  The argument, (paragraph 3.4), that some errors are more likely than others, may well be right - but it does not prevent other mis-copying errors from occurring.  In particular there is no way of checking the co-ordinates of “unknown” sites - other than finding archaeological evidence which positively identifies them.  

A.11
The author of the translation which appears as Reference 2 clearly thought he had produced the best version he could from the various early copies of Ptolemy.  The earliest copy of Ptolemy which is still extant is a Greek version from the eleventh century and there are Latin copies from the early Renaissance and fifteenth century.  There is also apparently, a fine Arabic copy in Istanbul and a few other fragmentary Arabic copies.  The Preface and Introduction to Reference 2 imply that these copies do not all agree in their rendering of the text but whether the numbers are also different is not clear - perhaps text is taken to include all the commentaries and thus the co-ordinates as well, or perhaps the author concentrated on translating the words rather than verifying the accuracy of the numbers.  A comparison of the numbers in the various versions might still give some further insight into the likelihood of errors remaining in the version published in reference 2.  However, the second sentence in paragraph A.8 is perhaps the most consoling thought to take away - if the systematic errors are still there and capable of being explained in a rational way, then the basic numbers must be pretty reliable and we should indeed do as Reference 1 suggests and give much more weight to Ptolemy’s co-ordinates than has sometimes been the case.
Appendix B

Guide to Some Simple Statistical Terms and Methods
The notes in this Appendix have mostly been adapted from Appendix 1 of Reference 3 - because Philip Pugh has a nice way with words!  However any mistakes are solely mine.

Arithmetic Mean

This is just the familiar average in mathematical dress.

Standard Deviation

We may, however, wish to describe how closely individual values are grouped around a mean.  Simply averaging differences from the mean is no good as the answer is always zero - since any negative deviations (data less than the mean) always exactly balance out positive deviations (data greater than the mean).  The trick is to get rid of the troublesome negative signs by squaring deviations from the mean, averaging those values and then taking the square root to get back to the same units as the original data.  Note that standard deviation is a typical deviation from the mean and, hence will be exceeded by some data.  Precise proportions vary but, for the commonly occurring ‘Gaussian’ or ’normal’ distribution, about 2 in 3 of all data points lie within one standard deviation of the mean, about 1 in 20 within two standard deviations and virtually all (359 in 360) within three standard deviations.  About half the data will be no more than two-thirds of a standard deviation from the mean.  For economy of typing, ‘standard deviation’ in this paper has usually been abbreviated to STD.

Discerning Trends

Without an objective check, it is too easy to believe that one can see an expected trend in scattered data rather as one sees images in a bonfire.  If there is a good reason to believe that a trend is linear, then it can be ascertained by an entirely objective method known as ‘regression analysis’.  The arithmetic is rather lengthy and is not reproduced here.  The method is based on minimising the equivalent of the standard deviation of the data but with the deviations measured from the trend line rather than the mean.   Where the trend line can be simply described (by a slope and an intercept for instance) the method is often known simply as a ‘best fit’ or ‘least squares’ algorithm.

Multiple Regression Analysis

This is a more complex version of the ‘best fit’ method.  The data is represented by an equation describing the likely relationship between the parameters and incorporating a number of unknown constants.  The values of the constants are then varied to minimise the errors from the trend line.  For instance, in the analysis of Ptolemy’s data 

an equation of the form:-

Error =  A x (longitude - B) + C x ( latitude - D) + E 

could be postulated. Here, A, B, C, D and E could all be varied to minimise the squares of the deviations from the line.  If there were only 5 data points this technique would not be useful because it would be possible to solve the five simultaneous equations and automatically ensure that the resulting line would pass through all the points.  However, with a much larger number of data points than unknowns there is no such difficulty and the method provides an excellent way of determining a complex trend line.

Appendix C     

Revised Analysis 

C.1
The conclusion from the initial analysis was that the co-ordinates given by Ptolemy were quite strongly dependent on latitude but not noticeably on longitude. Nevertheless, Ptolemy was presumably using - for both sets of data - Posidonius’s conversion factor (or something like it) between miles and degrees.  This might imply that there is an underlying dependence on longitude but that the analysis so far has not revealed it because the random scatter has been too large for it to show up.  (For a possible mechanism for the dependence observed see Appendix A.)  Assuming that the two “blatant” errors identified in paragraph 3.1 are due to a one degree error, the analysis has been repeated.

C.2 
Table C.1  now shows the revised form of Table 1 and Table C.2 (next page) shows the revised form of Table 2.   The only changes have been to the co-ordinates for Chester and St Albans and the elimination of column 4 of Table C.2 because it seems to add nothing to the discussion.  The standard deviation of the random errors that remain in column 6 of Table C.2 is now reduced to 10.3 minutes or about 12 modern statute miles (about 19 Km).  

Table C.1

Ptolemy
Modern 
Ptol. Long   
Ptol. Lat 
Mod Long    
Mod Lat  


Deva
Chester
16       30
56        45
15        09
53        12


Viroconium
Wroxeter
16       45
55        45
15        20
52        41


Lindum
Lincoln
18       40
56        30
17        27
53        14


Ratae
Leicester
18       00
55        30
16        51
52        38


Urolanium
St Albans
19       20
54        30
17        38
51        46


Venta (Iceni)
Caistor
20       30
55        20
19        18
52        39


Camulodunum
Colchester
21       00
55        00
18         54
51        54


Luentinum
Pumpsaint
15       45
55        10
14         05
52        03


Maridunum
Carmarthen
15       30
54        40
13        42 
51        52


Corinium
Cirencester
18       00
54        10
16        05
51        44


Caleva
Silchester
19       00
54        15
16        50
51        18


Londinium
London
20       00
54        00
17        56
51        30


Daruernum
Canterbury
21       00
54        00
19        07
51        17


Rutupie
Richborough
21       45
54        00
19        21
51        18


Noemagus
Chichester
19       45
53        05
17        12
50        50


Aquae calidae
Bath
17       20
53        40
15        39
51        23


Venta (Belgar.)
Winchester
18       40
53        00
16        39
51        04


Isca
Exeter
17       30
52        45
14        30
50        43


Table C.2

Location
   Latitude  
Lat          (Lat - 47)

Systematic Error   
Random Error  


Chester
213
21.8

211
+2


Wroxeter
184
21.0

189
-5


Lincoln
196
20.6

205
-9


Leicester
172
20.2

184
-12


St Albans
164
21.9

162
+2


Caistor
161
19.3

180
-19


Colchester
186
23.3

173
+13


Pumpsaint
187
22.9

176
+11


Carmarthen
168
21.9

166
+2


Cirencester
146
20.4

155
-9


Silchester
177
24.4

157
+20


London
150
21.4

151
-1


Canterbury
163
23.3

151
+12


Richborough
162
23.1

151
+11


Chichester
135
22.2

131
+4


Bath
137
20.6

144
-7


Winchester
116
19.3

130
-14


Exeter
122
21.2

124
-2


C.3
One possible other change would be to the slope of the graph in Figure 2 (main text).  A change of the intercept to 46 or even 45might then bring the slope more into keeping with the slope derived from an error caused by Posidonius’s coefficient alone, without increasing the STD of the remaining random errors. The calculations have been done for an intercept at 46 and the resulting STD (10.4 minutes) of the remaining (random) errors is slightly higher than that quoted in C.2.  This implies that the slope already in use is close to the best and that further changes are unlikely to be productive.

C.5
The longitude errors as a function of latitude were also amended and are plotted on Figure C.1. (next page)  -  which looks a bit more convincing than Figure 5 in the main text.  The slope of the line is 25.4 minutes per degree and there is a zero error of about 1.8 minutes which needs to be subtracted  to give the full systematic error.    Where the zero error has been less than one minute in previous calculations, this correction for zero error has been omitted.  The resulting inaccuracies are unlikely to be significant.  The resulting STD of the remaining errors is 17.5 minutes or about 13 miles ie only marginally more than the STD for latitude shown in paragraph C.2.  Considering the process that Ptolemy seems to have used, (see Appendix A) this is a remarkable degree of accuracy.
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C.6
The longitude errors have also been replotted against longitude (with the amendments to the co-ordinates for Chester and St Albans) to see if any clearer pattern emerges.  The figures were adjusted by removing the average error to leave the fluctuations about this mean.  The result is shown below on Figure C2.
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C.3
This graph looks at first as if it might be considered as three parallel lines:- the main one sloping down to the right through 16 of longitude at a slope of about 5 per degree.  (The 16 intercept tallies roughly with Ptolemy’s estimate of the longitude of the tip of the Brest peninsula).   Two other lines, parallel to the first, but progressively further to the right would then describe the remaining points.  These secondary lines would essentially be merged with the main line if the errors were reduced by 20 or 40 respectively.  Although it was suggested earlier that errors in transcribing the minutes of Ptolemy’s co-ordinates were less likely than errors in the degrees, this graph implies that may not be so and errors of 20 or 40 minutes might have indeed intruded.  If so many “known” locations have such errors this implies that the “unknown” locations could be equally contaminated -  despite it being a little difficult to see how these errors might arise.  The slope of the lines is also rather unexpected, it is only about one third of the slope which might arise purely from the use of the coefficient of Posidonius. 

C.4
Fortunately, the arithmetic can help.  If the lines postulated above are a manifestation of an underlying dependence on longitude, the STD of the data should be less when the points are treated as related to the sloping lines than if they are treated as purely random - i.e. relative to a horizontal line.  In practice, the opposite is true.  Assuming that the remaining scatter is random gives the lowest STD that I have found.   The apparent “lines” are merely an expression of the well-known human tendency to look for and find patterns where there are none (e.g. Rorschack ink blots) or Philip Pugh‘s ‘images in a bonfire‘ (see Appendix B).  The clear dependency on latitude must embrace the effects of the longitude as well - probably along the lines laid out in Appendix 1 - and no further reduction of the random scatter can be expected. 
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