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Abstract

Matching the Shang calendar dates recorded in oracle bone inscriptions to absolute
dates remains an unsolved problem. This study develops the “The Lunar-Month-Offset
Algorithm,” which systematically calculates the possible absolute dates for oracle bone
inscriptions by focusing on the differences in months between multiple inscriptions.
First, through the manual sequencing by oracle bone scholars, multiple inscriptions with
month information are linked to form a long chain. Next, in this long chain, the month
differences between each inscription and the first one are calculated to form a “month-
difference brush.” The “month-difference brush” is then used to traverse the base map
of astronomical “ground truth” to calculate the possible absolute dates. This algorithm
directly maps the temporal information of the inscriptions to the astronomical “ground
truth,” systematically calculating the possible solutions for absolute dates. This paper
also demonstrates the application of the “The Lunar-Month-Offset Algorithm” using the
inscriptions about lunar eclipses and war sequences.
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Extended Abstract

Many oracle bone inscriptions include dates recorded according to the Shang
(75) calendar. However, correlating these dates with absolute dates remains an
unsolved problem in the study of chronology. Computational methods provide
a more efficient and systematic means of exploring possible solutions. This
study proposes a new method, the “The Lunar-Month-Offset Algorithm,” which
systematically calculates the possible absolute dates for oracle bone inscriptions by
analyzing the intervals between months recorded in multiple inscriptions.

1. Digital Dating Methods

The absolute chronology of the late Shang dynasty has been a subject of
debated. One of efforts to establish a more precise timeline is Xia—Shang—Zhou
Chronology Project ( P4 EIEMX 12 ), which concluded that King Wu’s conquest
of Shang ( T 5ER% ) occurred between 1050 and 1040 BCE (Xia-Shang—Zhou
Chronology Project Expert Group, 2000, 2022).

Edward L. Shaughnessy developed the “mirodating method,” which
utilizes the months and ganzhi (the cyclical stems and branches, 3% ) recorded
in oracle bone inscriptions to constrain the possible ganzhi designation of the
first day of each month. By intersecting the results from multiple inscriptions,
this method also allows for the estimation of the ganzhi designation of the first
day of a given year. Using this approach, Shaughnessy concludes that King Wu
Ding ( # ] ) likely died at around 1195 BCE.

Based on Shaughnessy’s “microdating method,” Chen (2018) developed
a computer program for chronology to calculate all possible absolute dates for
a given series of oracle bone inscriptions. Subsequently, Xu (2019) created
a visualization tool to display the distribution of the possible absolute date
solutions based on the input data.

However, previous algorithms have several limitations. First, they primarily
focus on cases in which a single piece of oracle bone contains multiple months
and ganzhi notations. They also assume that all the inscriptions within a given
series belong to the same calendar year, and that every pair of consecutive
months follows a fixed pattern consisting of one large month (30 days) and one
small month (29 days). Moreover, these methods calculate the differences in day
numbers between inscriptions, which are unnecessary and introduce additional
complexity into the calculations.
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2. “Ground Truth” and Research Data

To align information from oracle bone inscriptions with actual astronomical
data, we first establish a table of astronomical “ground truth.” This table includes
the Julian day number as the absolute date, along with an absolute month number
defined relative to the lunar month in which Julian day 0 occurs. We also employ
the open-source Python package PyEphem to calculate the timings of solar and
lunar eclipses, as well as solstices and equinoxes, throughout the possible span
of the Shang dynasty. The ganzhi for each calendar day is listed based on the
assumption of a continuous cyclical record extending from the Shang period to
the present.

Meanwhile, we prepare the oracle bone data using the results of manual
sequencing conducted by oracle bone scholars. For oracle bones that record
the same series of events, scholars have linked multiple inscriptions containing
month and ganzhi information into extended sequences, referred to as “long
chains.” In particular, oracle bones excavated from pit YH127 provide a valuable
dataset for this study. This collection includes 3,080 inscriptions that record
both month and ganzhi notations and originate from a relatively short and well-
defined time period, making them especially suitable for chronological analysis.

3. “The Lunar-Month-Offset Algorithm” and Its Advantages

The method of our “The Lunar-Month-Offset Algorithm” is to extract
the information from the “long chain” of oracle bone inscriptions to form a
“month-difference brush,” considering all the possibilities of leap month, and
then traverse them on the base map of astronomical “ground truth” to find any
possible solution of absolute data. We note that we allow the = 1 day error for
the calculation of the beginning of a month. The detailed procedure of this
algorithm includes these steps:

Our “The Lunar-Month-Offset Algorithm” extracts information from the
“long chains” of oracle bone inscriptions to construct a “month-difference
brush,” which systematically considers all possible placements of intercalary
months. This brush is then traversed across the astronomical “ground truth”
base map to identify possible absolute date solutions. We allow for a +1-day
margin of error in determining the beginning of each month to accommodate
potential uncertainties inherent in the Shang calendrical system. The algorithm
proceeds through the following steps:



34 Journal of Digital Archives and Digital Humanities No. 15, pp. 1-35 (April, 2025)

(1) Step 1: In a “long chain” of multiple oracle bone inscriptions, the month
recorded in each inscription is extracted. The differences in months between
each inscription and the first one are then calculated to construct a “month-
difference brush.” This brush systematically considers every possible
scenario for inserting an intercalary month between any two consecutive
inscriptions.

(2) Step 2: After selecting an assumption for Jianzheng ( %1 , the designation
of the first month in a lunisolar calendar), the “month-difference brush” is
applied to traverse the astronomical “ground truth” base map and identify
possible absolute dates for the set of inscriptions. When the month and
ganzhi of the first inscription in the long chain match those of a specific
date in the ground truth, the program proceeds to verify the alignment
of the subsequent inscriptions. If the month and ganzhi information for
all inscriptions in the chain successfully match the ground truth, the
corresponding combination is returned as a valid solution.

(3) Step 3: After the “month-difference brush” completes its traversal of the
astronomical “ground truth,” the resulting valid solutions are returned to the
web interface and visualized for users.

This algorithm directly maps the temporal information contained in the
inscriptions onto the astronomical “ground truth,” systematically calculating
possible absolute date solutions for a series of oracle bone inscriptions. The
primary assumption underlying this method is that the ganzhi cycle has remained
continuous and unaltered from the Shang dynasty to the present day.

Shaughnessy’s microdating method assumes that each pair of consecutive
months forms a fixed 59-day unit. However, the actual lunar month cycles
are irregular, and thus successive large months (30 days) or small months (29
days) frequently occur in traditional Chinese calendars. In contrast, our “The
Lunar-Month-Offset Algorithm” directly searches for valid solutions within the
astronomical “ground truth,” enabling a more precise approach to chronological
calculation.

4. Calculations and Applications

We demonstrate the application of the “The Lunar-Month-Offset
Algorithm” using oracle bone inscriptions related to lunar eclipses and
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sequences of warfare. Since the oracle bone scholars have not reached a
consensus on the appropriate Jianzheng assumption (i.e., the designation of the
first month in the calendar), we conduct searches for absolute date solutions
under all possible Jianzheng configurations. The range of years examined is
based on chronological estimates proposed by oracle bone scholars. Three
applications are presented as follows:

(1) We proceed the absolute dating of the five lunar eclipses recorded in Bin Group
(‘& #H) oracle bone inscriptions. Our results are consistent with the conclusions
of Peiyu Zhang (7E%¥i ), demonstrating that our approach can reliably identify
valid absolute date solutions.

(2) We attempted to calculate the absolute dates of four warfare-related
inscription series from pit YH127 that were manually sequenced by Wei-
Chieh Chang ( 5RMEHE ). However, no valid solution was found for three of
the four series. This likely results from issues in the manual reconstruction
of the missing month information in some inscriptions. Our month-
difference algorithm can help identify potential errors of manual sequencing
in oracle bone inscription studies.

(3) Two warfare-related inscription series from pit YH127 have been proposed
to record events from two consecutive years. However, our analysis initially
found no valid solutions supporting this interpretation. Notably, when an
intercalary “13th month” is inserted between the 12th and 1st months,
a valid solution spanning two consecutive years emerges. Based on this
result, we suggest that the existence of an intercalary month during the
period covered by these inscriptions is highly probable.

5. Conclusions

This study develops the “The Lunar-Month-Offset Algorithm” to calculate
possible absolute date solutions based on the month and ganzhi information
recorded in oracle bone inscriptions. Utilizing the astronomical “ground truth”
base map we have established, the algorithm systematically searches for valid
datings of inscription series that have been manually sequenced by oracle bone
scholars. Our results not only identify potential errors in manual sequencing but
also provide strong evidence for the existence of an intercalary month within
certain inscription series.



