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Abstract

The increasing use of transformer-based large lan-
guage models brings forward the challenge of processing
long sequences. In document visual question answering
(DocVQA), leading methods focus on the single-page set-
ting, while documents can span hundreds of pages. We
present GRAM, a method that seamlessly extends pre-
trained single-page models to the multi-page setting, with-
out requiring computationally-heavy pretraining. To do
so, we leverage a single-page encoder for local page-level
understanding, and enhance it with document-level desig-
nated layers and learnable tokens, facilitating the flow of
information across pages for global reasoning. To enforce
our model to utilize the newly introduced document tokens,
we propose a tailored bias adaptation method. For ad-
ditional computational savings during decoding, we intro-
duce an optional compression stage using our compression-
transformer(C-Former ),reducing the encoded sequence
length, thereby allowing a tradeoff between quality and
latency. Extensive experiments showcase GRAM’s state-
of-the-art performance on the benchmarks for multi-page
DocVQA, demonstrating the effectiveness of our approach.

1. Introduction
Document understanding, particularly in the context of
DocVQA, has gained substantial research interest [5, 6,
16, 25, 36, 37] and offers a wide array of practical appli-
cations, focusing on data extraction and analysis of sin-
gle page documents. However, Multi-Page DocVQA (MP-
DocVQA) poses a more realistic challenge, considering that
the majority of documents, including contracts, manuals
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Figure 1. An Overview of GRAM. We suggest an interleaved en-
coder architecture combining page- with document-attention lay-
ers, allowing information to propagate between different pages.
An optional compression transformer (C-former) is introduced to
allow a trade-off between quality and latency.

and scientific papers, often extend well beyond a single
page. Despite the practical relevance of MPDocVQA, it
has received limited attention, primarily due to the absence
of suitable datasets. Two recently introduced datasets, MP-
DocVQA [33] and DUDE [18], have opened up new av-
enues for MP-DocVQA research.

Recent DocVQA approaches rely on transformers [35],
at the heart of their architecture. While transformers are a
powerful tool, they face challenges when dealing with long
input sequences [4, 7, 10–12, 27, 38]. This difficulty stems
from the self-attention mechanism, which scales quadrati-
cally in terms of computation and memory, with respect to
the input sequence length. Addressing this limitation has
attracted significant research efforts, primarily in the field



of natural language processing (NLP). Proposed NLP-based
solutions can be divided into two main directions: The for-
mer aims to modify the attention mechanism to cut com-
putational costs [4, 7, 38]. The latter involves altering the
positional embedding mechanism to improve performance
on longer sequences, with minimal fine-tuning [11, 12, 27].

A possible option of tackling MPDocVQA is to extend
NLP-based approaches to handle multi-modal document
data, including visual representations, along with OCR text
and corresponding 2D locations and relative page position.
However, this requires extensive pre-training, with rela-
tively scarce multi-page document data, and thus is also
sub-optimal in terms of performance. Instead, we opt for
leveraging powerful single-page DocVQA models, espe-
cially pretrained on millions of single-page documents, and
finetuning them to the multi-page scenario. For this pur-
pose, we combine concepts of local (page) and global (doc-
ument) tokens, which promote an exchange of information
within and across pages, while keeping computational cost
in check. We choose pages as atomic units in our proposed
scheme, as page structure often represent a semantic unit in
DocVQA.

We present GRAM (Global ReAsoning for Multi-page
VQA), a novel approach for endowing multi-page process-
ing capabilities to existing single-page DocVQA models.
Alongside page tokens that encapsulate both textual and vi-
sual contents of each page, we introduce doc(ument) learn-
able tokens, which aim is dispersing global information
across all pages. These two sets of tokens interact within
our newly-devised two-stage encoder blocks. The initial
stage utilizes an existing single-page layer and enhances it
by including both page and doc tokens as input, allowing
them to freely interact. In the second stage, we prioritize
computational efficiency by restricting self-attention solely
to the global doc tokens. This global reasoning layer cap-
tures collective information from multiple pages, enabling
the system to respond to cross-page inquiries, as illustrated
in Fig. 1. Considering that doc tokens did not appear in pre-
training, to boost their significance during finetune, we em-
ploy a designated bias adaptation mechanism which strikes
a balance between local and global learnable tokens.

While our method inherently deals with long sequences,
we circumvent a quadratic reliance on sequence length
by segmenting the document into pages — its semanti-
cally logical parts. We restrict interaction solely among
doc learnable tokens, across all pages, thereby mitigating
the computational burden of depending quadratically on
the page count. Apart from encoding, the auto-regressive
decoding stage poses a computational burden in long se-
quences. To this end, we introduce a compression stage
that precedes the decoder, implemented with a compres-
sion transformer, termed CFormer. The CFormer receives
the concatenated output of all pages and compresses it to a

much shorter sequence, distilling the most pertinent infor-
mation in the document. Our key contributions are:
• We propose GRAM, an approach to endow single-page

DocVQA methods with multi-page capabilities, without
pretraining, allowing the model to process multi-page
documents, while preserving single-page performance.

• We introduce document learnable tokens and bias adapta-
tion that enable an effective communication and collabo-
ration between individual pages to support reasoning over
multiple page documents.

• Our C-Former module suggests a trade-off between accu-
racy and compute, distilling information from multi-page
sequences into more compact representations.

• We obtain SOTA results over the MPDocVQA and
DUDE datasets, and provide extensive ablations to each
component in our method.

2. Related Work
Long Sequence Approaches are an active field of research
in NLP, aiming to improve the design of chat-systems [24]
and image instruction tasks [19, 21]. In these applications,
the ability to manage and process long sequences is vital,
as conversations cannot be cut short, or limited to just a
few interactions. Common approaches to tackle long se-
quences include sparse attention mechanisms [4, 7, 38] and
methods to improve results on long sequences during infer-
ence [11, 27, 28]. ‘Sliding window’ approaches of limit-
ing the range of neighbors each token can attend to, lead
to a significant reduction in computation and memory con-
sumption. Prominent works of this kind include Long-
Former [7], where each token attends to a set of its nearest
neighbors, along with additional global tokens. The work
of Big-Bird [38] adds additional non-neighboring tokens at
random, whereas Colt5 [4] uses the same sliding window
approach, but performs heavier computations for important
tokens and shallow operations for filler words or punctu-
ation. Although Tito et. al. [33] have demonstrated that
the above approaches do not perform as well on the task
of MPDocVQA, we do incorporate the ideas of combining
both local and global tokens throughout encoding to expand
the attention onto additional pages.

DocVQA has attracted increasing attention [5, 6, 9, 16,
25, 26, 31, 36, 37] with the introduction of the DocVQA
dataset by Mathew et al. [22]. Most methods in DocVQA
leverage OCR [1–3, 20, 23] to input both text and layout
information (bounding box coordinates and possibly font
type) into the model, where some further explore different
techniques to combine the two types of data streams, or al-
ternatively, clever schemes of pretraining. DocVQA meth-
ods can be roughly divided to two categories: extractive
and abstractive. Extractive methods [16, 25, 36, 37] rely on
the fact that the explicit answer resides in the written text,
thus only output a corresponding text span within the input
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Figure 2. GRAM Architecture. (a) Depicts a high-level architecture overview. For each page, the visual, textual and question tokens
are concatenated together with learnable doc tokens (darker color shade). The processed information is fed into the multi-page encoder.
The encoder output can be fed directly into the decoder to create the final prediction. Optionally, a compression model, C-Former , can be
used between the encoder and the decoder to compress the encoder output into a predetermined length, thus reducing overall latency for
long documents. (b) Shows a global-local encoder layer, containing two sub-layers. The first sub-layer uses self-attention that operates on
each page separately, while the second applies a self-attention step on the doc tokens to fuse information between the different pages. The
corresponding tokens are then routed back to their respective page and go into the next global-local encoder layer.

sequence. Abstractive methods [5, 6, 14, 26, 31], on the
other hand, have the capacity to generate free-form answers
which do not necessarily appear in the text, thus providing
flexibility in real-world applications. Notably, existing re-
search in DocVQA does not scale in a straightforward way
to deal with the more realistic multi-page scenario.

MPDocVQA has recently gained momentum with the
launch of two new multi-page datasets: MP-DocVQA [33]
and DUDE [18], offering two separate recipes to tackle
longer documents. The first approach of Tito et. al., re-
ferred to as HiVT5 [33], suggests compressing the encod-
ing of each page separately, and feeding the decoder with
the concatenation of the compressed outputs from each
single-page encoder. While this approach is advantageous
in terms of computation, we later show the compression
may severely hinder the results. In addition, there is no
communication between the single-page encoders until the
final stage of decoding, whereas in our method, we allow for
exchange of page and document information throughout all
stages of encoding. Another prominent approach, proposed
by Landeghem et. al. [18], which relatively preserves qual-

ity, involves concatenating all the pages into one long se-
quence and feeding it to a standard encoder-decoder struc-
ture. This, however, poses a heavy computational burden as
transformers’ self-attention component scales quadratically
with input sequence length.

3. GRAM
3.1. Base Architecture

The underlying idea in our approach is using existing
encoder-decoder single-page models for document under-
standing and extending them to multi-page scenarios, with-
out additional pretraining. In this work, we provide such
a recipe over the notable DocFormerv2 [6]. For the sake
of completeness, DocFormerv2 is a T5-based [28] encoder-
decoder transformer model which operates over both visual
and textual features to support document understanding.
Each page is represented by textual features T ∈ RNt×d

which encapsulate OCR tokens and their corresponding 2D
bounding box positions [36], along with visual V ∈ RNv×d

and question Q ∈ RNq×d embeddings. Where Nt, Nv and



Nq are the lengths of the OCR, visual features and the ques-
tion. The output result Y is obtained by passing the concate-
nated inputs through the encoder-decoder model,

Y = D(E(concat(T,V,Q))), (1)

where E and D, are the encoder and decoder, respectively.
Our method uses these basic building blocks in designing

a multi-page solution. To this end, we introduce a bi-level
global-local encoder, as illustrated in Fig. 2. At the local
page-level of each block, we utilize the layers of the existing
single-page encoder E to process each page separately, to-
gether with learnable doc tokens. Next, we introduce a slim
global layer in each block that facilitates communication
between doc tokens across all pages. This bi-level localized
processing ensures the model can understand the content
of each page effectively, while also combining information
across pages in the document. After M such blocks, we
feed the encoded features from all pages into the existing
decoder D to produce the overall output.

3.2. Global-Local Reasoning

To operate on multiple pages we break down the document
to K pages, and the single-page encoder to M encoder lay-
ers, Ej , j = 0, ...,M − 1. We then construct M blocks,
with two sub-layers each. The first page sub-layer origi-
nates from the existing pretrained encoder layer, referred to
as Ej

page, and operates in parallel, with shared weights, for
all pages in the document. This layer receives both page
and doc tokens. The second, newly introduced, document
layer Ej

doc collects only the doc tokens from all pages and
promotes sharing information across all of the document.

Formally, we augment the input of the standard single-
page encoder with page-specific indexing (Ti,Vi,Q) and
incorporate page-positional embedding Pi to both text and
visual features, where i = 0, ...,K − 1:

T̃i = Ti +Pi, Ṽi = Vi +Pi, . (2)

Next, we formulate our bi-level global-local block. The
input to the first page-level sub-layer in each block is
the concatenation of the textual, visual and question fea-
tures, denoted Xj

i = concat(T̃i, Ṽi,Qi), along with page-
specific doc tokens Gj

i ∈ RNg×d,

Xj+1
i , G̃j+1

i = Ej
page(concat(X

j
i ,Gj

i )). (3)

Here, the features undergo self-attention, normalization
and feed-forward layers. The layer output Xj+1

i is passed
on as input to the next bi-level block, whereas only the doc
tokens G̃j+1

i , enter the second doc sub-layer, which again
includes self-attention, normalization and feed-forward

{Gj+1
i }K−1

i=0 = Ej
doc(concat({G̃

j+1
i }K−1

i=0 )). (4)
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Figure 3. Global-Local Attention: In long sequence approaches
(a), attention is applied jointly to the entire sequence of concate-
nated local and global tokens. Our method, separates the compu-
tation into two steps — page-level (b) and document-level (c)—
leveraging the natural division of documents into pages.

In this stage, the doc tokens can interact and pass infor-
mation from page to page, after which being passed on to
the next block, as depicted in Eq. (3). This design allows
information to flow between pages while keeping compu-
tational costs in check. When concluding the traversal over
M such layers, the outputs across all pages are concatenated
and fed to the decoder D,

Ymulti = D(concat({XM
i ,GM

i }K−1
i=0 )). (5)

To visualize the difference between the attention masks
in our method, we compare it with previous long sequence
approaches [4, 7, 38] in Fig. 3. These prior methods op-
timize computation by using attention masking on nearby
tokens and allowing limited global connections. However,
naively applying such methods to multi-page documents
will treat it as a single stream, which does not consider the
division into pages. Our global-local blocks, with a two-
stage attention-masking mechanism, better suit multi-page
documents. In addition, our two-level design benefits from
existing, extensively pretrained single page models.

3.3. Bias Adaptation

An already-pretrained model, introduced with a new stream
of data, might disregard it altogether [13, 14, 34, 39]. To
overcome this, we force the system to account for the
newly-introduced doc tokens by modifying the encoder’s
bias method. Originally, the bias method intervenes in the
attention mechanism, diminishing the relationships between
distant tokens. However, in our specific case, the distance
between doc and page tokens does not represent their actual
relevance. To enforce the encoder to pay closer attention
to the doc tokens, we assign them a positive constant bias
value. Particularly, we replace the values in the bias ma-
trix, corresponding with the doc tokens, with fixed ones.
Instead of a single bias value, we utilize a different value



for each attention head, as performed in ALiBi [27], en-
abling more fine-grained control of the global features in
each head. Specifically, the constant doc bias value is set to
c· 1

2a , where c is a constant and a is the attention head index.
This yields a decaying bias value across different attention
heads, resulting in hierarchical importance of the document
information, where the first heads are more oriented towards
doc tokens and the last towards page tokens.

3.4. Compression Transformer

Our global-local solution to MP-DocVQA resolves the
problematic quadratic dependency on the number of pages
K during encoding. However, the auto-regressive decod-
ing complexity scaling linearly with K also poses a prac-
tical challenge during inference time, as we later discuss
in Sec. 3.5. To alleviate this burden, we place an optional
transformer-based model, named C-Former (Compression
TransFormer), between the encoder outputs and the de-
coder, as depicted in Fig. 2. The C-Former has the ability to
revise the information across all pages and distill only the
important details, required to correctly answer the question.

Specifically, the C-Former is a light-weight transformer-
based decoder [28], denoted as DC , featuring cross-
attention, layer norm and feed-forward layers in each
block. The input to C-Former includes Nc learnable to-
kens C ∈ RNc×d, concatenated with the input ques-
tion C̃ = concat(C,Q). In addition, we feed it with
the outputs of the global-local interlaced encoder, concate-
nated to one long sequence, referred as O, where O =
concat({XM

i ,GM
i }K−1

i=0 ). The output of C-Former is thus

OC = DC(Q=C̃,K=O, V=O),

where we pass forward only the first set of Nc output em-
beddings and ignore the rest, setting the output sequence
dimension to Nc. C-Former offers flexibility in controlling
the tradeoff between ANLS quality and computational effi-
ciency by controlling the output sequence length Nc.

3.5. Computation Analysis

Next, we turn to provide a thorough computational com-
plexity analysis. We consider a document that comprises
of K pages, each with N tokens, and the maximum answer
length is L. For simplicity, we assume that all encoders and
decoders have one layer. The naı̈ve way to support multi-
page documents is using an existing single-page encoder-
decoder model, fusing all of the textual page inputs to-
gether, and feeding them as one long sequence. We refer to
this approach as ‘concat’. The self-attention complexity of
such a configuration scales quadratically with the sequence
length, O((N ·K)2). Conversely in our method, we operate
on the document pages with two alternating encoding stages
in each layer. The first stage performs a self-attention over
both the page and doc tokens. Hence, the complexity of

such sub-layer is O((N +Ng)
2 ·K), where Ng is the num-

ber of doc tokens. The second stage features a self-attention
operation over the doc tokens, across all pages in the doc-
ument. The complexity of this operation is O((Ng · K)2).
Overall, the total complexity for one global-local encoder
block is O((N + Ng)

2 · K + (Ng · K)2). Since Ng is a
constant, and the number of pages is usually less than the
number of words in each page (K < N ), we obtain a com-
plexity of O(N2 ·K), which is not quadratic in K.

Prior to decoding, the outputs of all per-page en-
coders are concatenated, thus the output sequence
length is (N +Ng) ·K. Since the decoder is
auto-regressive, its complexity depends quadrati-
cally on the maximum output length, L, namely,
O((N +Ng) ·K · L2) = O(N ·K · L2). Since this
operation of decoding is performed iteratively during
inference, the combined sequence length (N + Ng) · K
becomes computationally heavy. To alleviate this concern,
we propose an optional C-Former model, which performs
compression prior to decoding. The overall complex-
ity in this decoding scheme includes passing through
the C-Former and then through the decoder, leading to
O((N + Ng) · K · Nc) + Nc · L2) which is equivalent
to O(N · K + L2), since Nc is a constant, denoting the
number of compression tokens in C-Former.

4. Experiments
4.1. Experimental Settings

Datasets and Metrics The MPDocVQA dataset [33] fea-
tures 46K questions, spanning over 48K images, and in-
cludes layout elements as figures, tables, lists and dia-
grams, with printed, handwritten and typewritten text. MP-
DocVQA contains mostly extractive questions, for which
answers are present in the given text. DUDE is smaller in
size (23.7K questions over 3K documents), but offers com-
plex questions that require a reader to rationalize beyond
the written text content. We report our results using the
ANLS metric, introduced in [8], computing a generalized
accuracy. Results for DUDE can be broken apart to several
types of questions, categorized to four groups: ‘extractive’
– for which the answer is found directly in the text; ‘abstrac-
tive’ – requiring a free-form answer that does not necessar-
ily appear in the document; ‘list of answers’ – requiring a
list of answers, as opposed to a single one, and ‘unanswer-
able’ – where the result cannot be determined using the text.

Implementation Details Our underlying architecture is
based on Docformerv2 [6]. Recall, our interlaced encoder
features M blocks (12 in ‘base’ and 24 in ‘large’), where
each block contains a page sub-layer which originates from
an extension of Docformerv2’s encoder layer. Every struc-
ture contains self-attention, normalization and feed-forward



Method Params
MPDocVQA DUDE

ANLS ANLS ANLS per Question Type
Extractive Abstractive List of answers Unanswerable

Longformer [7] 148M 55.06 27.14 43.58 8.55 10.62 10.78
BigBird [38] 131M 58.54 26.27 40.26 7.11 8.46 12.75
LayoutLMv3 [38] 125M 55.13 20.31 32.60 8.10 7.82 8.82

Hi-VT5†
beamsearch [15] 316M − 35.74 28.31 32.98 10.60 62.90

Hi-VT5[33] 316M 62.01 23.06 17.60 33.94 6.83 61.67
Hi-VT5* 257M 60.78 23.86 7.21 16.56 3.53 72.77
DocFormerv2concat [6] 257M 69.67 44.21 41.66 41.86 15.13 65.19
GRAMC−Former 286M 70.80 40.07 40.43 39.61 11.42 52.55
GRAM 281M 73.68 46.15 46.07 44.82 15.27 62.18

T5-2D [18] 770M − 46.06 55.65 50.81 5.43 68.62
DocGptVQA [30] > 3.5B − 50.02 51.86 48.32 28.22 62.04
DocBlipVQA [29] > 3.5B − 47.62 50.69 46.31 30.73 55.22
Hi-VT5* [33] 784M 71.35 28.89 18.21 26.17 6.84 58.99
DocFormerv2concat [6] 784M 76.40 48.44 50.82 48.06 17.67 59.04
GRAMC−Former 864M 77.60 45.47 47.63 44.91 14.34 56.99
GRAM 859M 80.32 51.15 53.67 50.35 18.40 63.23

Hi-VT5*† [33] 784M 73.51 49.18 49.29 48.35 13.30 65.95

DocFormerv2†
concat [6] 784M 76.77 50.79 52.70 49.61 17.33 65.14

GRAM†
C−Former 864M 78.12 50.97 55.15 50.46 17.26 61.04

GRAM† 859M 79.67 53.36 56.83 52.32 19.96 65.43

Table 1. Quantitative Results. We present ANLS results for the MPDocVQA [33] and DUDE [18] test sets. The methods are grouped
according to the model type and size, starting from encoder-only models (top), T5-base models (middle) and T5-large models (bottom). †

denotes training with both MPDocVQA and DUDE.

Method Training Data ANLS
DocVQA MPDocVQA DocVQA MPDocVQA

DocFormerv2concat
✓ ✗ 86.60 72.73

✗ ✓ 85.28 76.40

✓ ✓ 86.47 75.37

GRAM
✓ ✗ 86.70 73.12

✗ ✓ 85.29 80.32

✓ ✓ 86.32 78.66

Table 2. DocVQA vs. MPDocVQA Performance. Test results
over both datasets using the large model variants. A checkmark
denotes whether a dataset was included in training or not.

layers. We extend the page layer from Docformerv2 to fea-
ture also the doc learnable embeddings. The second doc
sub-layer is similar in structure to the first sub-layer, only it
is initialized from scratch, with the following specification:
dff = 1024, dkv = 64, nheads = 4, d = 256. We im-
plement 32 doc learnable tokens for each page, uniformly
initialized to random values. For bias adaptation, the ini-
tial bias value is set to c = 20, with variations between
encoder heads, as described in Sec. 3.3. We incorporate an
additional optional compression stage using C-Former – a
randomly-initialized T5 [28] tiny decoder, with an encoder
mask instead of a causal one. The output sequence extracted

from C-Former is Nc = 256. Finally the decoder is initial-
ized with pretrained weights from DocformerV2.

The model is trained with the Hugging Face Trainer [17]
for 200k steps, starting with a warm-up of 1k steps, with
linear learning rate decay. We use learning rates of 3e−5

and 1e−4 for the already pretrained encoder and decoder
weights, versus the newly initialized doc sub-layer weights.
Training is performed on a cluster of 8×A100 GPUs, each
with 40GB of RAM. During training, each page encoder re-
ceives 800 tokens, dealing with up to 4 pages. During test-
ing, we increase the maximum length of tokens to 8, 000.

Baselines We report the results of previous work on both
MP-DocVQA and DUDE datasets (if those exist), includ-
ing the NLP-based Longformer [7] and BigBird [38], which
were adapted to MPDocVQA by [33]; LayoutLMv3 [16],
originally designed for DocVQA; and Hi-VT5 [33] and T5-
2D [32], specifically suggested for MP-DocVQA Task. We
also add for reference the results of methods published in
the leader-boards of MPDocVQA and DUDE, which do not
have corresponding papers, including DocGptVQA [30],
DocBlipVQA [30], and Hi-VT5beamsearch [15] ([15] was
trained on both MP-DocVQA and DUDE). In our approach,
we present two variations: GRAM and GRAMC−Former.
While GRAM utilizes the full length of the encoder output,
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Onekotan Island, part of the Russian Federation in the western Pacific Ocean, is featured in this 
image photographed by an Expedition 26 crew member on the International Space Station. Snow 
cover highlights calderas and volcanic cones that form the northern and southern  ends of the 
island. Extending between northeastern Japan and the Kamchatka Peninsula of Russia, the Kuril 
Islands are an island arc located along the Pacific “Ring of Fire.”  BELOW: The Southern Patagonian 
Ice Field of Chile and Argentina hosts a spectacular array of glaciers and associated glacial  
features within the southern Andes Mountains. Glaciers flowing downhill on the eastern side of the 
mountains have outlets into several large freshwater lakes. On the western side of the mountains, 
glaciers release ice into the Pacific Ocean via an intricate network of fjords. As glaciers flow into  
the fjord, ice at the front of the glacier begins to break off and form icebergs that can float out to  
sea – a process known as calving.
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1973: Pioneer 10-first flyby of 
outer planet (Jupiter)

2006:  STS-116/12A.1,  
Spacehab & P5 truss launched

1968: Apollo 8,  
first crewed mission  
to orbit the moon Christmas Day

1965: Gemini VI-A and VII, 
first manned rendezvous 
between two spacecrafts; 
1970: Venera 7 (U.S.S.R.), 
first man-made spacecraft 
to successfully land on 
another planet (Venus) and 
to transmit data from there 
back to Earth; 

1962: Mariner 2,  
first flyby of Venus

Winter Begins

1998: STS-88/2A, Unity  
Connecting Module, first  
U.S. component launched

2001: STS-108/UF-1, MPLM 
launched & ISS Expedition 4

1972: Apollo 17, final  
Apollo mission

DECEMBER2013

A picture of Comet Lovejoy taken by an Expedition 30 crew member from 
about 240 miles above the Earth’s horizon. BELOW: Flyaround view of 
the zenith (top) of the station taken onboard the space shuttle Atlantis 
during the STS-135 mission.

NOVEMBER 2013
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1973: Mariner 10, first  
spacecraft to explore Mercury

Veterans Day; 
1982: STS-5, first space 
shuttle operational mission

1971: Mariner 9-Mars,  
first spacecraft to orbit 
another planet

1998: Proton – Russia, 
Zarya Control Module,  
ISS first element launch

Thanksgiving Day; 
1983: STS-9, First  
international agency  
participates in U.S.  
mission

2000: STS-97/4A,  
P6 truss, first set of  
solar arrays launched;  
2009: ISS Expedition 22

2002: STS-113/11A,  
P1 truss launched;  
ISS Expedition 6

2008: STS-126/ULF2, 
MPLM launched 2010: ISS Expedition 26

1973: Skylab 4; 2009: 
STS-129/ULF3, ELC1,  
and ELC2 launched;  
2011: ISS Expedition 30

2000: Expedition 1 arrives  
at ISS. Continuous human  
occupation of ISS begins.

NOVEMBER2013

The Monitor of All-sky X-ray Image (MAXI), in coordination 
with the gamma-ray burst satellite Swift, observed for the 
first time the instant that a massive black hole swallowed  
a star located in the center of a galaxy 3.9 billion light  
years away. Super massive black holes have powerful 
gravitational fields that can destroy stars that get too close, 
producing a bright flare in the ultraviolet and X-ray spectral 
regions and a stellar debris field around the black hole. 
BELOW: View of the MAXI hardware on the Japanese 
Module-Exposed Facility.

OCTOBER 2013
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2000: Expedition 1  
launched, start of  
permanent human  
presence on the ISS

1958: NASA officially 
begins operations

Columbus Day 2003: ISS Expedition 8

1957: Sputnik 1 (U.S.S.R.), 
first satellite

2002: STS-112/9A,  
S1 truss launched;  
2010: ISS Expedition 25

2007: STS-120/10A,  
ESA- Harmony  
Connecting Module 
launched

2007: ISS Expedition 16, 
Peggy Whitson, first  
female ISS commander

1958: Pioneer 1,  
first NASA Launch;  
1968: Apollo 7, first  
crewed Apollo mission;  
2000: STS-92/3A,  
Z1 truss launched;  
2009: ISS Expedition 21

1964: Voskhod 1 
(U.S.S.R.), first flight  
with multiple crew  
members; 2008: ISS 
Expedition 18

2009: Ares - 1X launch

OCTOBER2013

This picture of the active Soufriere Hills volcano on Montserrat Island was photographed on Oct. 11, 2009, 
by the Expedition 21 crew members onboard the International Space Station. Soufriere Hills is identified as 
a “stratovolcano” by geologists because it is built of layers (the “strato” part of the name) of both lavas and 
pyroclastic flows from older eruptions. BELOW: The Hawaiian islands are the exposed peaks of a great 
undersea mountain range known as the Hawaiian-Emperor seamount chain, formed by volcanic activity 
over a hotspot in the Earth’s mantle.
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2005: ISS Expedition 12

1975: Viking 2 launched,  
first spacecraft to successfully  
land on Mars; 2006: STS-115/ 
12A, P3/P4 truss launched;  
2011: ISS Expedition 29

1988: STS-26, first  
shuttle flight following  
the Space Shuttle  
Challenger accident

Autumn Begins

2000: STS-106/2A.2b,  
Spacehab launched

2009: First JAXA HTV 
launched

2012: ISS Expedition 33 2006: ISS Expedition 14

2001: Soyuz/4R, Pirs  
docking compartment 
launched

2003: Galileo, first  
spacecraft to enter  
Jupiter’s atmosphere

Labor Day

1977: Voyager 1 returns  
first spacecraft photo of  
Earth and Moon

SEPTEMBER2013

This is an image of the solar transit of the International Space Station taken during 
the partial solar eclipse from the area of Muscat in the Sultanate of Oman. The image 
shows the sun (150 million km from Earth), the moon (400,000 km from Earth), and 
the station (500 km from Earth). BELOW: Following a solar flare eruption, the upper 
of a pair of new solar active regions offers a beautiful profile view of cascading loops 
spiraling above it. These loop structures are made of superheated plasma, just one 
of which is the size of several Earths.

AUGUST 2013
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1978: Pioneer 13-Venus,  
first U.S. spacecraft to study  
Venus in detail; 2007: STS-
118/13A.1, S5 truss, Spacehab 
and ESP-3 launched

1977: Space Shuttle  
Enterprise, first  
free-flight test

1989: Voyager 2,  
reaches closest  
approach to Neptune 

2009:  
STS-128/17A, 
MPLM launched

2001: STS-105/7A.1,  
MPLM launched & ISS 
Expedition 3

2012: Curiosity Rover  
lands on Mars

AUGUST2013

The Moderate Resolution Imaging Spectroradiometer (MODIS) instrument on NASA’s Terra 
satellite captured this image of Tropical Storm Isaac on Aug. 28, 2012, at 12:30 p.m. EDT as 
it was moving northwest through the Gulf of Mexico. Isaac’s large reach is seen by its eastern 
cloud cover over the Gulf of Mexico. BELOW: The Visible Infrared Imaging Radiometer Suite 
(VIIRS) on the Suomi-NPP satellite captured this nighttime view of Tropical Storm Isaac and 
the cities near the Gulf Coast of the United States early on Aug. 28. The image was acquired 
just after local midnight by the VIIRS “day-night band,” which detects light in a range of 
wavelengths from green to near-infrared and uses light intensification to enable the detection 
of dim signals. In this case, the clouds of Isaac were lit by moonlight.

JULY 2013
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1962: Cape Canaveral, Fla., 
established as NASA Launch  
Operations Center;  
2012: ISS Expedition 32

2011: STS-135/ULF7  
launched (Final shuttle mission)

1965: Mariner 4 takes  
first close-up pictures  
of Mars

1973: Skylab 3

1999: STS-93, Eileen  
Collins, first female space 
shuttle commander

1963: Syncom 2-world’s  
first geosynch comm.  
satellite; 2005: STS-114, 
first shuttle flight following 
the Space Shuttle Columbia 
accident

1975: Apollo-Soyuz,  
first joint Russia-U.S./ 
Soyuz spaceflight;  
2009: STS-127/2JA, 
JAXA-JEM-EF and  
ELM-ES launched

1958: President 
Eisenhower signed the 
National Aeronautics and 
Space Act

1969: Apollo 11,  
first manned lunar  
landing; 1976: Viking 1,  
first U.S. spacecraft to  
land on Mars

1962: Telstar-1,  
first commercial  
communications satellite

1979: Skylab re-enters  
Earth’s atmosphere

2001: STS-104/7A,  
U.S.-Quest Airlock  
launched; 2000: Proton/ 
1R, Russia-Zvezda  
Service Module launched

Independence Day;
1997: Pathfinder lands on Mars; 
2006: STS-121/ULF1-1,  
MPLM launched

JULY2013

The lights of the cities of Ireland (foreground) and the United Kingdom (back and to the right) 
are contrasted by the bright sunrise in the background. The greens and purples of the Aurora 
Borealis are seen along the rest of the horizon. BELOW: The Aurora Borealis taken by an  
Expedition 23 crew member.
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2010: ISS Expedition 24

1966: Surveyor I, first  
U.S. spacecraft to soft land  
on the moon

1963: Cosmonaut  
Valentina Tereshkova,  
first female in space

1983: STS-7, Sally Ride, 
first U.S. female in space Summer Begins

1995: STS-71 Atlantis,  
first shuttle to dock with  
Russian Mir space station

1971:  
Soyuz 11
accident

2010:  SpaceX Falcon 9  
Block 1, first successful flight

2002: STS-111/UF-2,  
MBS & MPLM launched &  
ISS Expedition 5

2007: STS-117/13A,  
S3/S4 truss and solar  
arrays launched

JUNE2013

The Vessel ID system on the International Space Station tracks an individual ship’s speed, position, course, cargo, and voyage information in open 
waters.  Results have already led to improvements in ship travel safety by predicting travel pattern behaviors or different vessel types. Photo courtesy 
of Norwegian FFI (Defence Research Establishment)  BELOW: Astronaut Randolph Bresnik seen during Atlantis EVA-2 on Nov. 21, 2009 with the 
unfurled AIS (Automatic Identification System) antenna, attached to Columbus to be used for experimental tracking of VHF signals of ships at sea.

MAY 2013
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1961: Freedom 7, Alan  
Shepard Jr., first American  
in space

1973: Skylab space  
station launched;  
2010: STS-132/ULF4, 
MRM1 launched

2000: STS-101/2A.2a, 
Spacehab launched

Memorial Day; 
1999: STS-96/2A-1 
launched, first space  
shuttle to dock with ISS;  
2009: ISS Expedition 20

2008: STS-124/1JA,  
JAXA- JEM-PM,  
JEM-RMS launched

2012: Launch of  
Space-X/Dragon, first  
commercial craft to  
launch to the space station 2011: Expedition 28

1973: Skylab 2, first  
U.S. space station crew;  
2012: Docking of  
SpaceX/Dragon capsule,  
first docking of a  
commercial craft to the  
space station

2011: STS-134/ULF6 
launched

MAY2013

Nighttime photo featuring the bright lights of Cairo and Alexandria, Egypt, on  
the Mediterranean coast, with the Nile River and its delta standing out clearly.  
BELOW: A daytime photograph of the Nile River Delta and Cairo, Egypt.
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1967: Soyuz 1 accident; 
1990: STS-31, Hubble  
Space Telescope launched 2003: ISS Expedition 7 2012: ISS Expedition 31

2010:  STS-131/19A, MPLM 
launched

1984: STS-41C, first orbital  
satellite repair mission

1961: Cosmonaut Yuri 
Gagarin, first human in  
space; 1981: STS-1, first 
space shuttle (Columbia) 
mission2007: ISS Expedition 15

2005: ISS Expedition 11 2004: ISS Expedition 9

2001: STS-100/6A,  
CSA-Canadarm2 &  
MPLM launched

1964: Gemini I test flight;  
2002: STS-110/8A,  
S0 truss launched;  
2008: ISS Expedition 17

1959: NASA announces  
Mercury 7, NASA’s first  
astronaut class

APRIL2013

The municipality of Dubai is the largest city in the Persian Gulf and has built a global 
reputation for large-scale developments and architectural works. Among the most visible 
of these developments are three human-made archipelagos. Palm Jumeirah (bottom left) 
appears as a stylized palm tree when viewed from above. The World Islands (middle right) 
evoke a rough map of the world from a space-borne perspective.  BELOW: The City of 
Dubai—the largest metropolitan area within the emirate of Dubai—is a favorite subject of 
astronaut photography. The city presents an eye-catching appearance at night that vividly 
displays an urban development pattern.

MARCH 2013
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1965: Cosmonaut Alexei 
Leonov, first person to  
spacewalk; 2010: ISS 
Expedition 23

1965: Gemini III, first 
crewed mission of  
Gemini ProjectSpring Begins

1959: Pioneer 4, first  
successful lunar mission by  
U.S. spacecraft; 1969: Apollo 9,  
first manned flight of the  
Command/Service Module  
along with the Lunar Module

2001: STS-102/5A.1, first  
MPLM flight, ESP-1 launched,  
& ISS Expedition 2,  
first crew rotation 

2008: STS-123/1JA,  
JAXA-ELM-PS launched

2009: ISS Expedition 19 2006: ISS Expedition 13

2009: STS-119/15A, 
S6 truss and solar arrays 
launched

1926: First liquid-fueled 
rocket; 1966: Gemini VIII, 
first docking of two  
spacecraft in orbit;  
2011: ISS Expedition 27

2008: First ESA ATV

MARCH2013

Straits of Gibraltar SpainMOBY Santa Barbara Channel

The Hyperspectral Imager for Coastal Ocean (HICO),located on the ISS, is the first space borne imaging 
spectrometer designed to sample the coastal ocean. Data retrieved from HICO were validated with data 
collected from in situ samples and used in the development of algorithms to map indicators of water quality.  
Results from an Environmental Protection Agency Pathfinder Innovation Project suggest that data from an 
instrument like HICO represents a vast improvement in the way coastal waters are monitored, which would 
help inform local stakeholders of responses to best management practices. These data are useful for decision 
support since they provide broad spatial and temporal coverage, more than traditional water bottle sampling. 
BELOW: The HICO payload installed on the Japanese Experiment Module-Exposed Facility.

FEBRUARY 2013

Cape Town South Africa
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1995: STS-63, Eileen Collins first 
female space shuttle pilot

2011: STS-133/ULF5, 
ELC4, PMM launched

1966: Apollo/Saturn 201,  
first flight of the Saturn 1B 
launch vehicle with an Apollo 
command and service  
module attached

1984: STS-41B, first untethered 
spacewalks; 2001: STS-98/5A, 
U.S. - Destiny Laboratory launched; 
2008: STS-122/1E, ESA-Columbus 
launched

Washington’s Birthday
1977: Space Shuttle 
Enterprise first flight test atop 
Boeing 747 Shuttle Carrier 
Aircraft

Inauguration Day
1962: Friendship 7,  
John Glenn first  
American to orbit Earth

2010:  STS-130/20A, U.S.-
Tranquility Connecting Module and 
ESA-Cupola launched

2003: STS-107, Space Shuttle 
Columbia accident

FEBRUARY2013

JANUARY 2013
Large metropolitan areas and other easily recognizable sites from the Virginia/Maryland/ 
Washington, D.C. areas are visible in this image that spans almost to Rhode Island. Boston 
is just out of frame on the right. Long Island and New York City are visible in the lower right, 
with Philadelphia and Pittsburgh near the center. Parts of two Russian vehicles parked at the 
orbital outpost are seen in the left foreground. BELOW: View of Earth from the Cupola, the 
International Space Station’s window.
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New Year’s Day

1959: Luna 1, first spacecraft  
to reach escape velocity and  
orbit the sun 2004: Spirit lands on Mars

1997: STS-81, Shuttle - Mir

Martin Luther King, Jr. Day 
2003: STS-107,  
Inaugural Spacehab flight

1967: Apollo 1 fire
1986: STS-51L, Space  
Shuttle Challenger accident

1998: Intergovernmental 
Agreement on Space  
Station Cooperation signed

1958: Explorer 1,  
first U.S. satellite

1998: STS-89 Shuttle - Mir

1986: Voyager 2 - first  
spacecraft to observe  
Uranus; 2004: Opportunity 
lands on Mars

1984: President Ronald 
Reagan announces  
U.S. plans to build a  
space station

JANUARY2013

�e International Space Station (ISS) is an unprecedented technological and political achievement in global human endeavors to build, operate, 

and utilize a unique science platform in space to benefit life here on Earth.  It is the latest step in humankind’s quest to explore and learn in order to 

improve life on Planet Earth.

As soon as the ISS was habitable, researchers began using it as a laboratory to study microgravity and the space environment and how phenomena 

studied in space can benefit our daily lives.  �is unique scientific platform continues to enable researchers from all over the world to put their 

talents to work on innovative experiments that cannot be performed anywhere else and we already have some amazing breakthroughs!  In human 

health, telemedicine, education and observations of our Earth from space, there are already demonstrated benefits to human life.  Research in vaccine 

development for salmonella and MRSA (a bacteria that is resistant to many forms of antibiotics), candidate treatments for Duchenne’s Muscular 

Dystrophy, improvements in cancer treatment drug delivery, space station-generated images that assist with disaster relief and farming, and education 

programs that inspire future scientists, engineers and space explorers are just some examples of research benefits.

NASA recognizes the importance of leveraging space station as an educational platform to encourage and motivate today’s youth to pursue careers 

in math, science, engineering and technology (STEM).  �e agency has an appreciation for all of America’s educators who commit themselves to 

motivating young students to pursue STEM careers and guiding them to become our future innovators, explorers and leaders.  I hope you enjoy this 

calendar featuring astounding imagery of our Earth from the International Space Station, and that it will inspire you to learn more about the space 

station’s benefits to humanity. 

Regards,

MICHAEL T. SUFFREDINI

ISS Program Manager

A message from the
Program Manager for the International Space Station

National Aeronautics and
Space Administration

www.nasa.gov/station

To see when the International Space Station  
will be flying over your town, go to:  

http://space�ight.nasa.gov/realdata/sightings/index.html.

Which month shows the hurricane?
HiVT5: “not answerable”
GRAM: “July”

The Moderate Resolution Imaging Spectroradiometer (MODIS) instrument on NASA’s Terra 
satellite captured this image of Tropical Storm Isaac on Aug. 28, 2012, at 12:30 p.m. EDT as 
it was moving northwest through the Gulf of Mexico. Isaac’s large reach is seen by its eastern 
cloud cover over the Gulf of Mexico. BELOW: The Visible Infrared Imaging Radiometer Suite 
(VIIRS) on the Suomi-NPP satellite captured this nighttime view of Tropical Storm Isaac and 
the cities near the Gulf Coast of the United States early on Aug. 28. The image was acquired 
just after local midnight by the VIIRS “day-night band,” which detects light in a range of 
wavelengths from green to near-infrared and uses light intensification to enable the detection 
of dim signals. In this case, the clouds of Isaac were lit by moonlight.
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1962: Cape Canaveral, Fla., 
established as NASA Launch  
Operations Center;  
2012: ISS Expedition 32

2011: STS-135/ULF7  
launched (Final shuttle mission)

1965: Mariner 4 takes  
first close-up pictures  
of Mars

1973: Skylab 3

1999: STS-93, Eileen  
Collins, first female space 
shuttle commander

1963: Syncom 2-world’s  
first geosynch comm.  
satellite; 2005: STS-114, 
first shuttle flight following 
the Space Shuttle Columbia 
accident

1975: Apollo-Soyuz,  
first joint Russia-U.S./ 
Soyuz spaceflight;  
2009: STS-127/2JA, 
JAXA-JEM-EF and  
ELM-ES launched

1958: President 
Eisenhower signed the 
National Aeronautics and 
Space Act

1969: Apollo 11,  
first manned lunar  
landing; 1976: Viking 1,  
first U.S. spacecraft to  
land on Mars

1962: Telstar-1,  
first commercial  
communications satellite

1979: Skylab re-enters  
Earth’s atmosphere

2001: STS-104/7A,  
U.S.-Quest Airlock  
launched; 2000: Proton/ 
1R, Russia-Zvezda  
Service Module launched

Independence Day;
1997: Pathfinder lands on Mars; 
2006: STS-121/ULF1-1,  
MPLM launched

JULY2013

What is the eps code for little rock?
HiVT5: “EPS”
GRAM: “AR01”

�������� ��������������������������������������������

�������������������������������������������������������������������������������������������������� ���

�����������������������

�����������������������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������������

�����������������������������������������
�������������������������������������������������������������
�����������������������������������������������������������������
�����������������������������������������������������������������������
������������������������������������������������������

��������������������������������������
������������������������������������������������������������
��������������������������������������������������������������������
��������������������������������������������������������������������
�������

���������������������������������
�������������������������������������������������������������
����������������������������������������������������������������
������������������������������������������������������������������
�������������������������������������������������������������

�����������������������������������������������
���������������������������������������������������������������
�������������������������������������������������������������������
������������������������������������������������������������������
�������������������������

���������������������������������������������

�������
�������������������������

����

����������������� �

����������������� �

�������������� �

����

�������������������

��������� �

��������

������������������

��������������������

�����������������������

��������������������������

�

�������������������

����������

�������� ��������������������������������������������

�������������������������������������������������������������������������������������������������� ���

������������������

�������������������������������������������������������������������
��������������������������������������������������������������������
�������������������������

Enrollment Planning Service

Middle States Region

EPS
Geographic Market Name Code
New York (NY)

1. Southern Tier West NY01
2. Erie County NY02
3. Genesee Valley and Northern Frontier NY03
4. Rochester and Monroe County NY04
5. Finger Lakes Region NY05
6. Central New York NY06
7. St. Lawrence Valley NY07
8. Adirondacks NY08
9. Tri Cities NY09

10. Central Hudson Valley NY10
11. Catskills NY11
12. Southern Tier East NY12
13. Rockland County NY13
14. Staten Island NY14
15. Westchester County NY15
16. Southern Nassau County NY16
17. Northern Nassau County NY17
18. Central Nassau County NY18
19. Northwest Suffolk County NY19
20. Southwest Suffolk County NY20
21. East Suffolk County NY21
22. Southeast Brooklyn NY22
23. West Brooklyn NY23
24. Northeast Brooklyn NY24
25. East Bronx NY25
26. West Bronx NY26
27. Manhattan NY27
28. South Queens NY28
29. Northwest Queens NY29
30. Northeast Queens NY30

Pennsylvania (PA)
1. Bucks County PA01
2. Chester County PA02
3. Delaware County PA03
4. Montgomery County PA04
5. Philadelphia County PA05
6. Lehigh Valley PA06
7. Northeastern Pennsylvania PA07
8. North Central Pennsylvania PA08
9. Northwestern Pennsylvania PA09

10. Southern Pennsylvania (East) PA10
11. Southern Pennsylvania (West) PA11
12. Allegheny County PA12
13. Southwest Pennsylvania excluding

Allegheny County PA13
Delaware (DE)

1. New Castle County DE01
2. Kent and Sussex Counties DE02

District of Columbia (DC)
1. District of Columbia DC01

Maryland (MD)
1. Western Maryland MD01
2. Montgomery Metropolitan MD02
3. Central Maryland excluding Baltimore MD03
4. Eastern Shore MD04
5. Prince Georges Metropolitan MD05
6. Southern Maryland MD06
7. Baltimore (Urban) MD07

EPS
Geographic Market Name Code
New Jersey (NJ)

1. Southern Jersey NJ01
2. Camden and Burlington County NJ02
3. Jersey Shore and Pinelands NJ03
4. Middlesex County NJ04
5. Monmouth County NJ05
6. Somerset and Mercer Counties NJ06
7. Union County NJ07
8. Essex and Southern Passaic County NJ08
9. Hudson County NJ09

10. Bergen County NJ10
11. Morris and Northern Passaic County NJ11
12. Sussex, Warren, and Hunterdon Counties NJ12

Major Metropolitan Area

Middle States Region
1. Maryland

Greater Washington: 2 and 5
Greater Baltimore: 3 and 7

2. New Jersey
Northern New Jersey: 2, 4, and 5, 7 through 11

3. New York
Westchester and Rockland Counties: 13 and 15
Long Island: 16 through 21
City of New York: 14, 22 through 30

4. Pennsylvania
Delaware Valley: 1 through 5
Greater Pittsburgh: 12 and 13
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Note: Also see enlarged maps
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Enrollment Planning Service

New York City Area

EPS
Geographic Market Name Code
New York (NY)

13. Rockland County NY13
14. Staten Island NY14
15. Westchester County NY15
16. Southern Nassau County NY16
17. Northern Nassau County NY17
18. Central Nassau County NY18
19. Northwest Suffolk County NY19
20. Southwest Suffolk County NY20
21. East Suffolk County NY21
22. Southeast Brooklyn NY22
23. West Brooklyn NY23
24. Northeast Brooklyn NY24
25. East Bronx NY25
26. West Bronx NY26
27. Manhattan NY27
28. South Queens NY28
29. Northwest Queens NY29
30. Northeast Queens NY30

Major Metropolitan Area

Middle States Region

1. New York

Westchester and Rockland Counties: 13 and 15

Long Island: 16 through 21

City of New York: 14, 22 through 30
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EPS
Geographic Market Name Code
Illinois (IL)

1. Rockford IL01
2. Quad Cities IL02
3. Peoria IL03
4. Springfield IL04
5. Decatur and Champaign IL05
6. Southern Illinois IL06
7. Chain of Lakes IL07
8. Northwest Suburbs IL08
9. North Shore IL09

10. Evanston and Skokie IL10
11. City of Chicago IL11
12. Western Suburbs IL12
13. South and Southwest Suburbs IL13

Indiana (IN)
1. "The Region" IN01
2. Northwest Indiana IN02
3. South Bend and Elkhart IN03
4. Northeast Indiana IN04
5. West Central Indiana IN05
6. East Central Indiana IN06
7. Greater Indianapolis IN07
8. West Indiana IN08
9. South Central Indiana IN09

10. East Indiana IN10
11. Southwest Indiana IN11
12. Southeast Indiana IN12

Iowa (IA)
1. Cedar Rapids and Eastern Iowa IA01
2. Des Moines and Western Iowa IA02

Kansas (KS)
1. Kansas City and Topeka KS01
2. Wichita and Western Kansas KS02

Michigan (MI)
1. Wayne County MI01
2. Detroit’s Northern Suburbs MI02
3. Ann Arbor MI03
4. Capital District MI04

Note: Also see enlarged map 
of Illinois markets 7-13.

5. Kalamazoo and Grand Rapids MI05
6. "The Thumb" MI06
7. Northern Michigan MI07

EPS
Geographic Market Name Code
Minnesota (MN)

1. Twin Cities MN01
2. Northern Minnesota MN02

Missouri (MO)
1. Kansas City and St. Joseph MO01
2. St. Louis and Eastern Missouri MO02
3. Springfield and Southern Missouri MO03

Nebraska (NE)
1. Lincoln NE01
2. Omaha NE02
3. Western Nebraska NE03

North Dakota (ND)
1. Fargo and Eastern North Dakota ND01
2. Western North Dakota ND02

Ohio (OH)
1. Northwest Ohio OH01
2. North Central Ohio OH02
3. City of Cleveland (West) OH03
4. City of Cleveland (East) OH04
5. Cuyahoga, Geauga, and Lake Counties OH05
6. Northeast Ohio OH06
7. West Central Ohio OH07
8. Central Ohio OH08
9. Greater Cincinnati OH09

10. Southeast Ohio OH10
South Dakota (SD)

1. Sioux Falls and Eastern South Dakota SD01
2. Western South Dakota SD02

West Virginia (WV)
1. Charleston and Huntington WV01
2. Northern West Virginia WV02

Wisconsin (WI)
1. Madison and Janesville WI01
2. Milwaukee and Racine WI02
3. Northern Wisconsin WI03

Major Metropolitan Area

Midwestern Region
1. Illinois

Greater Chicago: 7 through 13
2. Michigan

Greater Detroit: 1 and 2
3. Ohio

Greater Cleveland: 3 through 5

Enrollment Planning Service 

Midwestern Region
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EPS
Geographic Market Name Code
Illinois 7-13

7. Chain of Lakes IL07
8. Northwest Suburbs IL08
9. North Shore IL09

10. Evanston and Skokie IL10
11. City of Chicago IL11
12. Western Suburbs IL12
13. South and Southwest Suburbs IL13

EPS
Geographic Market Name Code
Connecticut (CT)

1. New London and Windham County CT01
2. New Haven and Middlesex County CT02
3. Fairfield County CT03
4. Waterbury and Litchfield County CT04
5. Hartford and Tolland County CT05

Maine (ME)
1. Portland and Southern Maine ME01
2. Augusta and Central Maine ME02
3. Bangor and Northern Maine ME03

Massachusetts (MA)
1. Berkshire and Franklin Counties MA01
2. Springfield and Hampshire County MA02
3. Fitchburg and North Worcester County MA03
4. Essex County MA04
5. Cape Cod and Islands MA05
6. Boston and Cambridge MA06
7. Quincy and Plymouth County MA07
8. Lowell, Concord, and Wellesley MA08
9. Norfolk and Bristol County MA09

10. Milton, Lexington, and Waltham MA10
11. Worcester MA11

New Hampshire (NH)
1. Seacost NH01
2. Merrimack Valley NH02
3. Monadnock and Lake Sunapee NH03
4. Lakes and White Mountains NH04

Rhode Island (RI)
1. Providence and Northern Rhode Island RI01
2. Southern Rhode Island RI02

Vermont (VT)
1. Burlington VT01
2. Southern Vermont VT02
3. Northern and Eastern Vermont VT03

Enrollment Planning Service

Chicago Area and New England Region

Enrollment Planning Service — New England Region

Major Metropolitan Area

New England Region
1. Massachusetts

Greater Boston: 6, 8, and 10

Enrollment Planning Service — Chicago Area
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EPS
Geographic Market Name Code
Alabama (AL)

1. Birmingham and Tuscaloosa AL01
2. Huntsville and Florence AL02
3. Mobile AL03
4. Montgomery AL04

Florida (FL)
1. Panhandle FL01
2. Crown FL02
3. East Central FL03
4. West Central FL04
5. Broward, Martin, and Palm Beach Counties FL05
6. Dade County FL06
7. Collier, Hendry, and Monroe Counties FL07

Georgia (GA)
1. Cherokee, Cobb, and Douglas Counties GA01
2. Fulton County GA02
3. DeKalb and Gwinnett Counties GA03
4. Clayton, Fayette, Henry, and 

Rockdale Counties GA04
5. Northeast Georgia GA05
6. Southeast Georgia GA06
7. Southwest Georgia GA07
8. Northwest Georgia GA08

Kentucky (KY)
1. Lexington and Fayette KY01
2. Louisville and Western Kentucky KY02

Louisiana (LA)
1. Baton Rouge LA01
2. New Orleans LA02
3. Shreveport LA03

Mississippi (MS)
1. Jackson MS01
2. Northern Mississippi MS02

North Carolina (NC)
1. Coastal Plains NC01
2. East Central NC02
3. Research Triangle NC03
4. Sand Hills NC04
5. North Piedmont NC05
6. South Piedmont NC06
7. Western North Carolina NC07

South Carolina (SC)
1. Pee Dee SC01
2. Low Country SC02
3. Mid Lands SC03
4. East Piedmont SC04
5. West Piedmont SC05

EPS
Geographic Market Name Code
Tennessee (TN)

1. Chattanooga TN01
2. Knoxville TN02
3. Memphis TN03
4. Nashville and Davidson TN04

Virginia (VA)
1. Arlington and Alexandria VA01
2. Fairfax County VA02
3. North Central Virginia VA03
4. Northern Neck VA04
5. Central Virginia VA05
6. Richmond VA06
7. Southside Virginia VA07
8. Tidewater VA08
9. Shenandoah VA09

10. Southwest Virginia VA10

Enrollment Planning Service

Southern Region

Major Metropolitan Area

Southern Region
1. Florida

Greater Miami: 5 through 7
2. Georgia

Greater Atlanta: 1 through 4
3. Virginia

Greater Alexandria: 1 and 2
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EPS
Geographic Market Name Code
Arkansas (AR)

1. Little Rock AR01
2. Northern Arkansas AR02

New Mexico (NM)
1. Albuquerque and 

Northern New Mexico NM01
2. Southern New Mexico NM02

Oklahoma (OK)
1. Oklahoma City and Western Oklahoma OK01
2. Tulsa and Eastern Oklahoma OK02

Texas (TX)
1. Amarillo, Panhandle, and South Plains TX01
2. El Paso TX02
3. Midland, Odessa, and Trans Pecos TX03
4. Abilene and San Angelo TX04
5. Red River Area TX05
6. Austin and Central Texas TX06
7. Waco, Temple, and Killeen TX07
8. East Texas TX08
9. Beaumont and Port Arthur TX09

10. Central Gulf Coast, Wharton County, 
and Victoria County TX10

11. South Texas Valley TX11
12. Brazos and Trinity Valley TX12
13. Del Rio, Uvalde County, and Bexar

County Area TX13
14. City of San Antonio TX14
15. Northwest Houston and Conroe 

School District TX15

EPS
Geographic Market Name Code

16. Southwest Houston Metro Area TX16
17. City of Houston (East) TX17
18. Galveston and East Harris Counties TX18
19. City of Dallas TX19
20. City of Fort Worth TX20
21. Irving, Arlington, and Grand Prairie TX21
22. Dallas County excluding City of Dallas TX22
23. Collin and Rockwall Counties TX23
24. Counties West of Dallas/Ft. Worth

Metroplex TX24

Enrollment Planning Service

Southwestern Region

Major Metropolitan Area

Southwestern Region
1. Texas

Greater San Antonio: 13 and 14
Greater Houston: 15 through 18
Greater Dallas – Fort Worth: 19 through 24
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4
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4

EPS
Geographic Market Name Code
Alaska (AK)

1. Anchorage, Kenai, and Mat-su District AK01
2. Greater Alaska AK02

Arizona (AZ)
1. Phoenix AZ01
2. Tucson AZ02
3. Northern Arizona AZ03

California (CA)
1. Far Northern California CA01
2. Valley of the Moon CA02
3. Sacramento County CA03
4. Marin County CA04
5. San Francisco County CA05
6. Contra Costa County CA06
7. City of Oakland CA07
8. Alameda County excluding Oakland CA08
9. San Mateo County CA09

10. City of San Jose CA10
11. Santa Clara County excluding San Jose CA11
12. Central Coast CA12
13. Santa Barbara and 

West Ventura Counties CA13
14. San Fernando Valley (West) CA14
15. San Fernando Valley (East) CA15
16. Glendale and Pasadena CA16
17. West Los Angeles and West Beach CA17
18. Hollywood and Wilshire CA18
19. East Los Angeles CA19
20. South Bay CA20
21. South and South Central Los Angeles CA21
22. Long Beach CA22
23. Covina and West Covina CA23
24. Whittier and North Orange County CA24
25. Anaheim CA25
26. Santa Ana CA26
27. Riverside, San Bernardino, and Ontario CA27
28. South Orange County CA28
29. North San Diego County 

excluding San Diego CA29
30. South San Diego County 

excluding San Diego CA30
31. City of San Diego CA31
32. Central Valley — North CA32
33. Central Valley — South CA33
34. Greater Imperial Valley CA34

EPS
Geographic Market Name Code
Colorado (CO)

1. Colorado Springs and 
Southeastern Colorado CO01

2. Metro Denver and 
Northeastern Colorado CO02

3. Mountain and Western Colorado CO03
Hawaii (HI)

1. Island of Oahu HI01
2. Remaining Hawaiian Islands HI02

Idaho (ID)
1. Boise City ID01
2. Northern Idaho ID02

Montana (MT)
1. Billings and Eastern Montana MT01
2. Western Montana MT02

Nevada (NV)
1. Las Vegas NV01
2. Reno NV02

Oregon (OR)
1. Greater Portland (West) OR01
2. Greater Portland (East) OR02
3. Northern Valley (Coast) OR03
4. Southern Valley OR04
5. Southwest Oregon OR05
6. East Oregon OR06

Utah (UT)
1. Salt Lake City, Ogden, and Provo UT01
2. Southern Utah UT02

Washington (WA)
1. Greater Seattle WA01
2. South Sound WA02
3. Greater Spokane WA03
4. Greater Washington (East) WA04
5. Greater Washington (West) WA05
6. Bellingham Area WA06

Wyoming (WY)
1. Casper and Cheyenne WY01
2. Western Wyoming WY02

Major Metropolitan Area

Western Region
1. California

Bay Area: 4 through 11
Greater Los Angeles: 14 through 22
East Los Angeles & North Orange Counties: 23 through 26
Greater San Diego: 29 through 31

2. Oregon
Greater Portland: 1 and 2

3. Washington
Greater Seattle: 1 and 2

Note: Also see enlarged map of California geographic markets 4-11, California
geographic markets 14-26, and Alaska and Hawaii geographic markets.

Enrollment Planning Service

Western Region
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EPS
Geographic Market Name Code
California 4-11

4. Marin County CA04
5. San Francisco County CA05
6. Contra Costa County CA06
7. City of Oakland CA07
8. Alameda County excluding Oakland CA08
9. San Mateo County CA09

10. City of San Jose CA10
11. Santa Clara County excluding San Jose CA11

EPS
Geographic Market Name Code
California 14-26

14. San Fernando Valley (West) CA14
15. San Fernando Valley (East) CA15
16. Glendale and Pasadena CA16
17. West Los Angeles and West Beach CA17
18. Hollywood and Wilshire CA18
19. East Los Angeles CA19
20. South Bay CA20
21. South and South Central Los Angeles CA21
22. Long Beach CA22
23. Covina and West Covina CA23
24. Whittier and North Orange County CA24
25. Anaheim CA25
26. Santa Ana CA26

Enrollment Planning Service

San Francisco Bay and Los Angeles Areas

Enrollment Planning Service — Los Angeles Area

Enrollment Planning Service — San Francisco Bay Area
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2. Northern Arkansas AR02

New Mexico (NM)
1. Albuquerque and 

Northern New Mexico NM01
2. Southern New Mexico NM02

Oklahoma (OK)
1. Oklahoma City and Western Oklahoma OK01
2. Tulsa and Eastern Oklahoma OK02

Texas (TX)
1. Amarillo, Panhandle, and South Plains TX01
2. El Paso TX02
3. Midland, Odessa, and Trans Pecos TX03
4. Abilene and San Angelo TX04
5. Red River Area TX05
6. Austin and Central Texas TX06
7. Waco, Temple, and Killeen TX07
8. East Texas TX08
9. Beaumont and Port Arthur TX09

10. Central Gulf Coast, Wharton County, 
and Victoria County TX10

11. South Texas Valley TX11
12. Brazos and Trinity Valley TX12
13. Del Rio, Uvalde County, and Bexar

County Area TX13
14. City of San Antonio TX14
15. Northwest Houston and Conroe 

School District TX15

EPS
Geographic Market Name Code

16. Southwest Houston Metro Area TX16
17. City of Houston (East) TX17
18. Galveston and East Harris Counties TX18
19. City of Dallas TX19
20. City of Fort Worth TX20
21. Irving, Arlington, and Grand Prairie TX21
22. Dallas County excluding City of Dallas TX22
23. Collin and Rockwall Counties TX23
24. Counties West of Dallas/Ft. Worth

Metroplex TX24

Enrollment Planning Service

Southwestern Region

Major Metropolitan Area

Southwestern Region
1. Texas

Greater San Antonio: 13 and 14
Greater Houston: 15 through 18
Greater Dallas – Fort Worth: 19 through 24

Figure 4. Qualitative comparison between our approach and Hi-VT5 [33] indicate that the integration of our global-local encoder enhances
reasoning capabilities, especially when the inquiries require multi-page context.

GRAMC−Former allows the user to control the trade-off
between performance and latency.

To ensure a fair comparison, since we use the pretrained
model of DocFormerv2 [6], we implement two additional
baselines, referred to as Hi-VT5* and DocFormerv2concat.
The first follows a similar structure as Hi-VT5 [33], with the
encoder originating from DocFormerv2, however without
the page answer prediction, as it does not exist in DUDE.
The second recreates the approach of [18], where only the
textual tokens of all pages are concatenated to one long se-
quence, then passing through the DocFormerv2 model. The
second approach poses a computational burden, thus we use
only 600 tokens during training per page, with up to 4 pages,
and during test only 400 tokens.

4.2. Results

We present the performance of our method over the MP-
DocVQA [33] and DUDE [18] datasets in Tab. 1. The meth-
ods are divided into three groups: the top contains encoder-
only, and methods that rely on the T5-base model (up to
316M parameters); the middle section, approaches that use
the T5-large model (over 770M parameters), and finally the
bottom, T5-large models, trained on both datasets.

As can be seen, in the first group, the encoder-only
NLP methods, LongFormer [7], BigBird [38] and Lay-
outLMv3 [16] can only handle relatively well ‘extractive’
style tasks as in MPDocVQA dataset [33], but often strug-
gle with ‘abstractive’ questions that are more abundant in
DUDE [18]. As to T5-‘base’ models, versus our best com-
petitor Docformerv2concat, we obtain an improvement of
(+4%,+1.9%) on MP-DocVQA and DUDE datasets. As
to methods that combine an additional compression before
decoding (Hi-VT5, Hi-VT5*), our C-Former achieves an
increase in (+8.8%,+16.2%) over the best candidates on
the MP-DocVQA and DUDE datasets.

As for the group of ‘large’ models, we include
the results of T5-2D [18] DocGptVQA [30] and

DocBlipVQA [29]. Note that our model surpasses
DocFormerconcat, the primary baseline, achieving improve-
ments of (+3.9%,+2.7%) on MP-DocVQA and DUDE,
respectively. We also outperform DocGptVQA [30], a
method that appears in the leaderboard of DUDE, by
+1.1%, thereby obtaining SOTA results for GRAM ‘large’.

The final category showcases large encoder-decoder
models, fine-tuned on both MP-DocVQA and DUDE train-
ing sets, showcasing the benefits of augmented training
data. GRAM consistently demonstrates performance gains
over the baseline, illustrating its robustness across differ-
ent datasets and training scenarios. Next, we present in
Tab. 2 the effect of training on DocVQA vs. MPDocVQA .
Our method achieves performance on-par on the single page
task, while enhancing performance on the multi-page sce-
nario by +3.3%, compared to the baseline.

In Fig. 4, We show qualitative results on the DUDE
dataset of GRAM versus Hi-VT5* [33]. Our method
demonstrates proficiency in addressing questions that in-
volve attention over multiple pages (‘how many diagrams
are there’), an increased visual analysis capability (‘Which
month shows the hurricane?’), and heightened abstractive
ability (‘What is the EPS code for Little Rock?’).

5. Ablation Study

We perform an ablation study on our approach, evaluating
the influence of each constituent component using DUDE’s
validation set [18]. This validation set enables the group-
ing of documents by their respective page counts: 1, 2–4,
5–10, 11–end, encompassing 1747, 2259, 1062, 1241 sam-
ples in each category, respectively. Our investigation delves
into the impact of the number of doc tokens and the bias
adaptation methods. Moreover, we employ the C-Former
for sequence compression, adjusting the compression ratio
and examining the balance between performance and la-
tency (see supplementary for more details).



#Doc
Tokens

Bias
Type

Compression
Dimension

ANLS by Number of Pages
DUDE validation dataset

All 1 2-4 5-10 11-end
✗ ✗ ✗ 46.16 47.18 48.66 43.34 42.57

16 ✗ 46.39 48.35 49.06 43.16 41.56

32 Decaying ✗ 47.88 49.29 49.90 45.90 43.94

64 ✗ 46.70 47.98 49.22 44.00 42.60

32
✗ ✗ 47.52 49.85 49.93 44.90 42.10

Constant ✗ 46.14 47.41 48.13 44.44 42.19

Decaying ✗ 47.88 49.29 49.90 45.90 43.94

32 Decaying

8 39.83 39.73 41.41 36.98 39.52

32 40.42 40.95 41.64 38.12 39.39

256 41.99 42.57 43.77 38.40 41.01

1024 42.56 42.97 44.30 38.94 41.93

4096 43.59 44.75 44.64 40.54 42.67

Table 3. GRAM Ablation Study. Results on DUDE validation
set ablating over (a) the dimension of doc tokens, (b) the attention
bias employed and (c) the C-former input dimension.

GRAM Components We focus our initial exploration on
the impact of the number of doc tokens Ng . As can be
seen in Tab. 3, while Ng = 16 leads to performance on-
par with not using doc tokens at all, for the optimal value of
Ng = 32, we obtain an increase of +1.7% in ANLS. Shift-
ing our focus to bias adaptation methods, Tab. 3 shows that
using constant bias has a negative effect on the results, sug-
gesting this method is not flexible enough in maintaining a
balance between the page and doc tokens. However, our de-
caying bias-adaptation approach does improve results over-
all, versus no-bias (+0.36%), especially for longer docu-
ments (+1% improvement for 5-10 pages and +1.84% for
11 pages and more). This is to be expected, since incor-
porating new doc tokens and increasing their importance
can potentially affect single-page performance. Finally, in
Tab. 4, we reinforce our choice of pages as semantic logi-
cal units for MPDocVQA. We first ablate our method with
and without page embedding. Next, we compare our page-
based division with varying fixed-length division of tokens
for encoder. Results in Tab. 4 clearly demonstrate an ad-
vantage towards page-level encoding in MPDocVQA. This
aligns with our initial assumption that structured documents
are often designed with page-division in mind.

Performance-Latency Trade-off We assess the impact
of C-Former on performance, considering compression out-
put lengths of 8, 32, 256, 1024, 4096. Note, performance
gradually improves with an increase in the compression
output length. However, longer output lengths correspond
to heightened model latency. Note that using C-Former
for shorter documents can be redundant, as there is little
to no compression compared to the input sequence length
and results decrease. In Fig. 5, we scrutinize the trade-
off between computational efficiency and compression rate

Page
Embedding

Segment
Length

ANLS by Number of Pages
DUDE validation dataset

All 1 2-4 5-10 11-end
✓ ✗ 47.88 49.29 49.90 45.90 43.94
✗ ✗ 46.12 48.74 48.11 43.59 40.99
✓ 256 45.22 46.38 46.69 44.13 41.83
✓ 512 45.09 45.90 47.32 42.65 41.98
✓ 1024 44.39 44.98 46.63 41.69 41.78

Table 4. The Significance of Pages as Semantic Units. Re-
sults on DUDE validation set ablating over (a) utilization of page-
embedding, (b) segment length for fixed-size encoding inputs.

OOM

Figure 5. Latency comparison. We compare the dependency be-
tween overall latency and the number of pages in input document
for GRAM, GRAMC−Former , DocFormerv2concat and Hi-VT5.

by comparing to DocFormerv2concat [6] and Hi-VT5*
[33]. We discover that DocFormerv2concat reaches a mem-
ory limit at approximately 20 pages, due to its quadratic
memory increase with sequence length. At this juncture,
GRAMC−Former surpasses DocFormerv2concat by per-
forming 3.5 seconds faster. Notably, GRAMC−Former can
gracefully handle documents surpassing 300 pages, effec-
tively bridging the gap between performance and latency.

6. Conclusions

Our method, termed GRAM, extends existing single-page
document models to efficiently handle multi-page docu-
ments without necessitating computationally-intensive pre-
training. Leveraging the single-page encoder for local page-
level comprehension, we introduce document learnable to-
kens and designated layers, enabling seamless informa-
tion exchange across pages. Additionally, our proposed
bias adaptation method enforces effective utilization of our
newly introduced document tokens. The incorporation of a
C-Former model reduces sequence length, balancing qual-
ity with latency in the decoding step. Extensive experiments
demonstrate GRAM’s state-of-the-art performance across
multi-page DocVQA benchmarks.
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Group Parameter Name Parameter Value

fine-tune

batch size 8
training steps 200K
warmup steps 1000

fp16 True
training number of pages 4

evaluation number of pages unlimited
number of image tokens 128

DocFormerconcat [6]

encoder learning rate 3e-5
decoder learning rate 3e-5

training text tokens per page 600
inference text tokens per page 400

HiVT5* [33]

encoder learning rate 3e-5
decoder learning rate 3e-5

training text tokens per page 800
inference text tokens per page 8000

number of compression tokens per page 10

GRAM

encoder learning rate 3e-5
decoder learning rate 3e-5

global encoder learning rate 1e-4
training text tokens per page 800

inference text tokens per page 8000
number of global tokens 32

bias adaptation constant ‘c’ 20

GRAMC−Former

encoder learning rate 3e-5
decoder learning rate 3e-5

global encoder learning rate 1e-4
C-Former learning rate 1e-4

training text tokens per page 800
inference text tokens per page 8000

number of global tokens 32
bias adaptation constant ‘c’ 20

compression length 256

Table 5. Hyper-Parameters.

A. Parameters

We present in Tab. 5 all of the relevant hyperparameters.

B. Inference Resources Consumption

We compare three key properties of MP-DocVQA baselines
and our method: inference time, memory consumption, and
maximal document length. The latency and memory con-
sumption are illustrated in Fig. 6 and Fig. 7, respectively,
both as functions of the number of pages in the document.
We compare the following baselines: DocFormerv2concat

[6], Hi-VT5 * [33], and our GRAM and GRAMC−Former,
utilizing the same computational resources employed in all
experiments— 8×A100 GPUs with 40GB of memory.

The memory consumption of DocFormerv2concat [6]
reaches its maximum capacity for documents with only 20
pages, while our method efficiently processes documents,
spanning hundreds of pages. Moreover, the presented fig-
ures demonstrate that GRAMC−Former maintains a com-

parable memory footprint to the GRAM model. Neverthe-
less, there is potential for improvement, as HiVT5* exhibits
lower memory consumption. Despite this, we achieve in-
ference times similar to HiVT5* [33], accompanied by a
noteworthy enhancement in ANLS.
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Figure 6. Latency comparison. We compare the dependency be-
tween overall latency and the number of pages in input document.
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Figure 7. Memory consumption comparison. We compare the
dependency between overall memory consumption and the num-
ber of pages in input document.

C. Qualitative Results
Finally, we present a few qualitative results on the DUDE
dataset in Fig. 8, showcasing the advantages of our ap-
proach over Hi-VT5* [33]. In the first three examples, we
demonstrate cases where GRAM is correct and HiVT5* is
wrong. The last two examples present cases where both our
method and HiVT5* are incorrect.

D. Comparison with DocFormerV2concat

We provide additional qualitative examples with
DocFormerV2concat. Examples demonstrate the effec-
tiveness of GRAM in tackling questions that involve
multiple pages in the document.



Method
ANLS by Number of Pages
DUDE validation dataset

All 1 2-4 5-10 11-end
GRAM 47.88 49.29 49.90 45.90 43.94
DocFormerv2concat 44.32 46.08 47.05 42.81 38.17
DocFormerV2Longformer 45.88 47.01 47.75 43.22 43.13
DocFormerV2AliBi 34.73 36.55 37.00 30.99 31.25

Table 6. Comparison to NLP methods. Results on DUDE vali-
dation comparing GRAM with LongFormer [7] and AliBi [27].

E. Comparison with NLP-based Approaches
We present additional experiments, comparing GRAM with
two NLP-based approaches: the sparse attention-based
LongFormer [7], and the bias-based AliBi [27]. Both ap-
proaches are implemented on top of DocFormerv2 for fair
comparison. Results in Tab. 6 shows an advantage in our
local-global approach of utilizing existing powerful models
for single-page and extending them to support the multi-
page scenario.
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GOALS
Students will gain an in-depth understanding of certain property crimes including
Larceny, Receiving Stolen Property, Shoplifting, Criminal Damage to Property, Graffiti.
Students will develop an understanding about charging possession of stolen property. 

OBJECTIVES
Upon completion of this course, students will be able to:

Know the difference between larceny and possession of stolen property.
State the different ways to charge receiving stolen property.
Know the alternative ways to commit shoplifting.
State the legal presumption when one conceals an item inside a store.
Know the difference between larceny and shoplifting.
Articulate the difference between criminal damage to property and graffiti.
Understand how to establish value of stolen and recovered property.

SOURCES
New Mexico Criminal and Traffic Manual.
New Mexico Statutes Annotated
State and federal case law.

ESTIMATED TIME Included in a ten hour block on Criminal Law.

PREPARED BY
Legal Instructor
Department of Public Safety
Law Enforcement Academy
Santa Fe, New Mexico
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INTRODUCTION

We are going to discuss certain property crimes that police officers are most likely to 
come in contact with and have questions about. 

In 2006 the amount to become a felony for most property crimes increased from $250 to 
$500.

LARCENY NMSA 1978, Section 30-16-1

The elements of larceny are:

stealing anything of value

which belongs to another

defendant intended to permanently deprive the owner of the 
property at the time he or she took it.

Penalties for Larceny

Larceny

The penalty for larceny will generally depend upon the value of the item stolen. Larceny 
over $500 is a fourth degree felony (18 months), over $2500 a third degree felony (three 
years), and over $20,000 a second degree felony (nine years).

Larceny of livestock

Whoever commits larceny when the property . . . is livestock is guilty of a third degree 
felony, regardless of value.

Larceny of a firearm

Whoever commits larceny when the property . . .is a firearm is guilty of a fourth degree 
felony when its value is less than $2500.

RECEIVING STOLEN PROPERTY NMSA 30-16-11

The elements of Receiving Stolen Property are:

intentionally
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receiving, retaining or disposing of stolen property

knowing that it is stolen or believing it to be stolen

unless the property is received, retained or disposed of with intent 
to restore it to the owner.

A point of confusion:

In New Mexico the statute for possession of stolen property is called RECEIVING 
STOLEN PROPERTY and it can be charged in one of three ways:

the property may be “received,” or

the property may be “retained,” or

the property may be “disposed.”

Each one of these three ways or charges has distinctive characteristics.

SITUATION #1

An offender steals and is apprehended by police in possession of stolen property. Can we 
charge Larceny and “Retaining” of stolen property? (no)

Answer:
Since larceny is a continuing offense, we can charge larceny or “retaining” of stolen 

property but not both. Officers charge larceny if it can be proven the person stole the item. 
However, if a person is in possession of stolen property and it can’t be proven how they got the 
item, the correct charge would be Receiving Stolen Property (retain). State v. Smith (1983).

SITUATION #2

An offender steals items and disposes of them at two different locations. Can we charge 
Larceny and “Disposing” of stolen property? (yes)

Answer:
The offender can be charged with larceny and “disposing” of stolen property. The act of 

“disposing” of an item is different from larceny of an item. Since the items were disposed at two 
locations, there would be two counts of Receiving Stolen Property (dispose). State v. Mitchell
(1974).
SITUATION #3

Police execute a search warrant at offender’s residence. Numerous stolen items were 
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recovered belonging to five victims. Each item had a misdemeanor value but together they had a 
felony value. Do we have one count of “retaining” or five?
Answer:

Although the offender “retains” stolen items from different victims, the offender will only 
be charged with one count of “retaining” stolen property. Sanchez v. State (1982).

Receiving stolen property of a firearm

Whoever commits receiving stolen property when the property is a firearm is guilty of a
fourth degree felony when its value is less than $2,500. NMSA 1978, Section30-16-11 (I).

FACTS:
Defendant received some generic stolen property (DVD’s, camera equipment, gym bags) 

and also some stolen firearms. The property was taken from the same victim at the same place 
and time, and it was acquired and possessed by Defendant at the same time. Do we have one 
count of receiving stolen property or two? (two) State v. Watkins (2008).

Answer:
Court of Appeals affirmed convictions for Receiving Stolen Property and Receiving 

Stolen Property (Firearm). This is not double jeopardy since the legislature clearly intended that 
possession of a stolen firearm would be an additional or separate crime. 

SHOPLIFTING NMSA 1978, Section 30-16-20

There are four different ways to commit shoplifting:

willfully taking possession of any merchandise.

willfully concealing any merchandise.

willfully altering any label, price tag or marking upon any 
merchandise.

willfully transferring merchandise from one container to another.

In each of these four ways to commit shoplifting, the offender has the intent to deprive 
the merchant of all or some part of the value of the merchandise.

You may have noticed the word “willfully” in describing the four ways to do a 
shoplifting. Suppose someone conceals an item on his or her person. A loss prevention officer 
(LPO) stops the person. The person says they inadvertently, accidentally put the item inside their
coat pocket.  What should the loss prevention officer do?

NMSA 1978, Section 30-16-22 mention a presumption that might be helpful:
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NMSA 1978, Section 30-16-22.  Presumptions created.
Any person who willfully conceals merchandise on his or her person or on the person of 
another or among his or her belongings or the belongings of another . . . on or outside the 
premises of the store shall be . . . presumed to have concealed the merchandise with the 
intention of converting it without paying for it.

Note:
An example of a person concealing merchandise on the person of another would be a 

parent using a child to conceal items.

To arrest for most misdemeanors, the offense must occur in your presence. A 
shoplifting occurs outside your presence. What options do you have in this situation?

NMSA 1978, Section 30-16-23
Normally, an officer must witness a misdemeanor to make an arrest. This section allows 
an officer to make an arrest (with probable cause) although it occurred outside the 
officer’s presence. 

The officer still has a choice, however, as to whether to arrest a person or issue a citation. 

FACTS:
A person goes to a store and steals an item. The wholesale price is $399, the retail price is 

$449, and with tax the price is over $500.
Answer:

Market value is used when value is an issue. Supreme Court of New Mexico has held that 
the terms “market value” and “retail value” are identical. Tunnell v. State (1983).

Does market value include taxes?
Answer:

Tax is not to be considered when determining value of an item, unless the advertised 
retail or actual market price of an item includes the tax.  Tunnel v. State (1983).

How do we determine value if a private citizen is a victim of property theft?
Answer:

It is a general rule that an owner of property is competent to testify as to the value of his 
or her property.  State v. Romero (1975).

LARCENY V. SHOPLIFTING

A. “store” means a place where merchandise is sold or offered to the public for sale at retail;
B. “merchandise” means chattels (items) of any type or description regardless of the value 

offered for sale in or about a store. NMSA 1978, Section 30-16-19.

Note:
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It’s shoplifting if a person takes merchandise (an item offered for sale) in a store. What
charge if a person stole cash from a cash register?  
Answer:

It would be larceny since cash is not merchandise.

Another difference between larceny and shoplifting

Shoplifting involves taking merchandise from a store. It allows an officer to make a 
misdemeanor arrest even though the offense did not occur in the officer’s presence. 
NMSA 1978, Section 30-16-23.

Larceny generally refers to a theft occurring other than a store, i.e., a bicycle on 
someone’s front lawn or a tire on a front porch. For a misdemeanor larceny, an officer 
cannot make an arrest unless the offense occurred in his or her presence.

CRIMINAL DAMAGE TO PROPERTY NMSA 1978, Section 30-15-1

The elements are:

intentionally

damaging any real or personal property of another

without the consent of another.

For most crimes the dollar amount for a felony is $500. For criminal damage to property 
the dollar amount to become a felony is $1,000.

UNAUTHORIZED GRAFFITI ON PERSONAL OR REAL PROPERTY

Graffiti consists of intentionally and maliciously defacing any real or person property of 
another with graffiti or other inscribed material inscribed with ink, paint, spray paint, crayon, 
charcoal or the use of any subject without the consent or reasonable ground to believe there is 
consent of the owner of the property. NMSA 1978, Section 30-15.1.1.

For this charge the dollar amount to become a felony is $1,000. This statute provides for 
mandatory restitution and community service.

CONCLUSION

The crimes discussed are some of the property crimes officers are most likely to 
encounter. Knowing the elements of these crimes will assist our ability to more accurately charge 
them. 

How many chapters are in the books?    correct answer: “”
HiVT5: “4”
GRAM: “”

How many types of complaints were listed in the document?    correct answer: “9”
HiVT5: “10”
GRAM: “9”

how many pages are there in this text?    correct answer: “9”
HiVT5: “1”
GRAM: “9”

Which pages show graphs?    correct answer: “['3', '6', '5']”
HiVT5: “1”
GRAM: “2”
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Abstract- Software reliability is one of the important factors of
software quality. Before software delivered in to market it is
thoroughly checked and errors are removed. Every software
industry wants to develop software that should be error free.
Software reliability growth models are helping the software
industries to develop software which is error free and reliable.
In this paper an analysis is done based on incorporating the
logistic-exponential testing-effort in to NHPP Software
reliability growth model and also observed its release policy.
Experiments are performed on the real datasets. Parameters
are calculated and observed that our model is best fitted for
the datasets.

Keywords- Software Reliability, Software Testing, Testing
Effort, Non-homogeneous Poisson Process (NHPP), Software
Cost.
ACRONYMS
NHPP : Non Homogeneous Poisson Process
SRGM : Software Reliability Growth Model
MVF : Mean Value Function
MLE : Maximum Likelihood Estimation
TEF : Testing Effort Function
LOC : Lines of Code
MSE : Mean Square fitting Error
NOTATIONS
m (t) : Expected mean number of faults detected

  in time (0,t]
ë (t) : Failure intensity for m(t)
n (t) : Fault content function
md (t) : Cumulative number of faults detected upto t
mr (t) : Cumulative number of faults isolated up to t.
W (t) : Cumulative testing effort consumption at timet.
W*(t) : W (t)-W (0)
A : Expected number of initial faults
r (t) : Failure detection rate function
r : Constant fault detection rate function.
r1            : Constant fault detection rate in the Delayed S-

  shaped    model with logistic-Exponential TEF
r2 : Constant fault isolated rate in the Delayed S-

  shaped model with logistic-Exponential TEF

I.  INTRODUCTION

Software becomes crucial in daily life. Computers,
commutation devices and electronics equipments every place
we find software. The goal of every software industries is
develop software which is error and fault free. Every industry
is adopting a new testing technique to capture the errors
during the testing phase. But even though some of the faults
were undetected. These faults create the problems in future.
Reliability is defined as the working condition of the software
over certain time period of time in a given environmental
conditions. Large numbers of papers are presented in this
context. Testing effort is defined as effort needed to detect
and correct the errors during the testing. Testing-effort can
be calculated as person/ month, CPU hours and number of
test cases and so on. Generally the software testing consumes
a testing-effort during the testing phase [20 21].SRGM
proposed by several papers incorporated traditional effort
curves like Exponential, Rayleigh, and Weibull. The TEF
which gives the effort required in testing and CPU time the
software for better error tracking. Many papers are published
based on TEF in NHPP models [4, 5, 8, 11, 120, 12, 20, 21].
All of them describe the tracking phenomenon with test
expenditure.

This paper we used logistic-exponential testing-effort
curve and incorporated in the SRGM. The result shows that
the SRGM with logistic-exponential

II. SOFTWARE TESTING EFFORT FUNCTIONS

Several software testing-effort functions are defined in
literature. w(t) is defined as the current testing effort and
W(t) describes the cumulative testing effort. The following
equation shows the relation between the w(t) and W(t)

                        (1)

 The following are some of them

 A.   Exponential Testing effort function
The cumulative testing effort consumed in the time (0,t]

is [20]

 B.  Rayleigh Testing effort curve:

       (2)
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The cumulative testing effort consumed in the time (0,t]
is [12,20]

                        (3)

The Rayleigh curve increases to the peak and descends
gradually with decelerating rate.

 C.   Logistic-exponential testing-effort:
It has a great flexibility in accommodating all the forms

of the hazard rate function, can be used in a variety of
problems for modeling software failure data.

The logistic-exponential cumulative TEF over time
period (0,t] can be expressed as [27]

III. SOFTWARE RELIABILITY GROWTH MODELS

 A.   Software reliability growth model with logistic-
exponential TEF
The following assumptions are made for software

reliability growth modeling [1, 8, 11, 20, 21, 22]
(i) The fault removal process follows  the Non-

Homogeneous Poisson process (NHPP)
(ii)  The software system is subjected to failure at

random time caused by faults remaining in the
system.

(iii) The mean time number of faults detected in the time
interval (t, t+Ät) by the current test effort is
proportional for the mean number of remaining
faults in the system.

(iv) The proportionality is constant over the time.
(v)   Consumption curve of testing effort is modeled by

a logistic-exponential TEF.
(vi)  Each time a failure occurs, the fault that caused it

is immediately removed and no new faults are
introduced.

(vii) We can describe the mathematical expression of a
testing-effort based on following

 B.   Yamada Delayed S-shaped model with logistic-
exponential testing-effort function

The delayed ‘S’ shaped model originally proposed by
Yamada [24]  and it is different from NHPP by considering
that software testing is not only for error detection but error
isolation. And the cumulative errors detected follow the S-
shaped curve. This behavior is indeed initial phase testers
are familiar with type of errors and residual faults become
more difficult to uncover [1, 6, 15, 16]. From the above steps
described section 3.1, we will get a relationship between
m(t) and w(t). For extended Yamada S-shaped software
reliability model.The extended S-shaped model [24] is
modeled by

IV. EVALUATION CRITERIA

 A. The goodness of fit technique
Here we used MSE [5, 11, 17, 23 ]which gives real

measure of the difference between actual and predicted
values. The MSE defined as

A smaller MSE indicate a smaller fitting error and better
performance.
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B. Coefficient of multiple determinations (R2)
Which measures the percentage of total variation about

mean accounted for the fitted model and tells us how well a
curve fits the data. It is frequently employed to compare
model and access which model provies the best fit to the
data. The best model is that which proves higher R2. that is
closer to 1.

C. The predictive Validity Criterion
The capability of the model to predict failure behavior

from present & past failure behavior is called predictive
validity. This approach, which was proposed by [26], can be
represented by computing RE for a data set.

V. MODEL PERFORMANCE ANALYSIS

A.   DS1:
The first set of actual data is from the study by Ohba

1984 [15].the system is PL/1 data base application software
,consisting of approximately 1,317,000lines of code .During
nineteen weeks of experiments, 47.65 CPU hours were
consumed and about 328 software errors are removed.

Fitting the model to the actual data means by esti-
mating the model parameter from actual failure data. Here
we used the LSE (non-linear least square estimation) and
MLE to estimate the parameters. Calculations are given in
appendix A

Fig 1. Observed/estimated logistic-exponential and Rayleigh TEF for
DS1.

All parameters of other distribution are estimated through
LSE. The unknown parameters of Logistic-exponential TEF
are á=72(CPU hours), ë=0.04847, and k=1.387.
Correspondingly the estimated parameters of Rayleigh TEF
N=49.32 and b=0.00684/week. Fig.1 plots the comparison
between observed failure data and the data estimated by
Logistic-exponential TEF and Rayleigh TEF. The PE, Bias,
Variation, MRE and RMS-PE for Logistic-exponential and
Rayleigh are listed in Table I. From the TABLE I we can see
that Logistic-exponential has lower PE, Bias, Variation, MRE
and RMS-PE than Rayleigh TEF. We can say that our
proposed model fits better than the other one. In the TABLE
II we have listed estimated values of SRGM with different
testing-efforts. We have also given the values of SSE, R2

and MSE. We observed that our proposed model has smallest
MSE and SSE value when compared with other models. The
95% confidence limits for the all models are given in the
Table III.

 B.   DS2:
The dataset used here presented by wood [2] from

a subset of products for four separate software releases at
Tandem Computer Company. Wood Reported that the
specific products & releases are not identified and the test
data has been suitably transformed in order to avoid
Confidentiality issue. Here we use release 1 for illustrations.
Over the course of 20 weeks, 10000 CPU that SRGM with
logistic-exponential TEF have less MSE than other models.
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VI.   OPTIMAL SOFTWARE RELEASE POLICY

A.   Software Release-Time Based on Reliability Criteria
Generally software release problem associated with the

reliability of a software system. Here in this first we discuss
the optimal time based on reliability criterion. If we know
software has reached its maximum reliability for a particular
time. By that we can decide right time for the software to be
delivered out. Goel and Okumoto [1] first dealed with the
software release problem considering the software cost-
benefit. The conditional reliability function after the last
failure occurs at time t is obtained by

B.   Optimal release time based on cost-reliability
criterion

This section deals with the release policy based on the
cost-reliability criterion. Using the total software cost
evaluated by cost criterion, the cost of testing-effort
expenditures during software testing/development phase and
the cost of fixing errors before and after release are: [9, 13,
25]

Where C1   the cost of correcting an error during testing,
C2 is the cost of correcting an error during the operation, C2
> C1, C3 is the cost of testing per unit testing effort
expenditure and TLC is the software life-cycle length.

From reliability criteria, we can obtain the required
testing time needed to reach the reliability objective R0. Our
aim is to determine the optimal software release time that
minimizes the total software cost to achieve the desired
software reliability. Therefore, the optimal software release
policy for the proposed software reliability can be formulated

as Minimize C(T) subjected to R(t+Ät/t)e” R0 for C2 > C1, C3
>0, Ät>0, 0 < R0 <1.

Differentiate the equation (30) with respect to T and
setting it to zero, we obtain

we can easily get the required testing time needed to reach
the reliability objective R0 . here our goal is to minimize the
total software cost under desired software reliability and then
the optimal software release time is obtained. That is can
minimize the C(T) subjected to R(t+Ät/t)e” R0 where 0< R0
<1 [9,25]
T* =optimal software release time or total testing time
=max{T0, T1}.Where T0 =finite and unique solution T
satisfying Eq.(31)  T1 =finite and unique T satisfying R(t+Ät/
t)=R0
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By combining the above analysis and combining the cost
and reliability requirements we have the following theorem.

Theorem 1: Assume C2<C1<0, C3<0, Ät>0, and 0<R0
<1.  Let T*be the optimal software release time

From the dataset one estimated values of SRGM with
Logistic-exponential TEF á=72(CPU hours),  ë=0.04847 /
week, k=1.387, a=578.8 and r=0.01903 when Ät=0.1 R0
=0.85 and we let C1=2, C2 =50, C3 =150 and TLC =100 the
estimated time T1=37.1 weeks and release time from eq 30
T0 =39.5 weeks. Now optimal Release Time max (37.1, 39.5)
is T*=39.5 weeks. Fig 10 shows the change in software cost
during the time span. Now total cost of the software at optimal
time 8354.

From the dataset two estimated values of SRGM with
Logistic-exponential TEF á=12600(CPU hours), ë=0.06352
/week, k=1.391, a=135.6 and r=0.0001432 when Ät=0.1 R0
=0.85 and we let C1=1, C2 =200, C3 =2 and TLC =100 the
estimated time T1=18.1 weeks and release time from Eq 31
T0 =8.05 weeks. Now optimal Release Time max (8.05, 18.1)
is  T*=18.1 weeks. Fig 11 shows the change in software cost
during the time span. Now total cost of the software at optimal
time 20,100.

CONCLUSION

In this paper, we proposed a SRGM incorporating the
Logistic-exponential testing effort function that is completely
different from the logistic type Curve. We Observed that most
of software failure is time dependent. By incorporating
testing-effort into SRGM we can make realistic assumptions
about the software failure. The experimental results indicate
that our proposed model fits fairly well.
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B. Coefficient of multiple determinations (R2)
Which measures the percentage of total variation about

mean accounted for the fitted model and tells us how well a
curve fits the data. It is frequently employed to compare
model and access which model provies the best fit to the
data. The best model is that which proves higher R2. that is
closer to 1.

C. The predictive Validity Criterion
The capability of the model to predict failure behavior

from present & past failure behavior is called predictive
validity. This approach, which was proposed by [26], can be
represented by computing RE for a data set.

V. MODEL PERFORMANCE ANALYSIS

A.   DS1:
The first set of actual data is from the study by Ohba

1984 [15].the system is PL/1 data base application software
,consisting of approximately 1,317,000lines of code .During
nineteen weeks of experiments, 47.65 CPU hours were
consumed and about 328 software errors are removed.

Fitting the model to the actual data means by esti-
mating the model parameter from actual failure data. Here
we used the LSE (non-linear least square estimation) and
MLE to estimate the parameters. Calculations are given in
appendix A

Fig 1. Observed/estimated logistic-exponential and Rayleigh TEF for
DS1.

All parameters of other distribution are estimated through
LSE. The unknown parameters of Logistic-exponential TEF
are á=72(CPU hours), ë=0.04847, and k=1.387.
Correspondingly the estimated parameters of Rayleigh TEF
N=49.32 and b=0.00684/week. Fig.1 plots the comparison
between observed failure data and the data estimated by
Logistic-exponential TEF and Rayleigh TEF. The PE, Bias,
Variation, MRE and RMS-PE for Logistic-exponential and
Rayleigh are listed in Table I. From the TABLE I we can see
that Logistic-exponential has lower PE, Bias, Variation, MRE
and RMS-PE than Rayleigh TEF. We can say that our
proposed model fits better than the other one. In the TABLE
II we have listed estimated values of SRGM with different
testing-efforts. We have also given the values of SSE, R2

and MSE. We observed that our proposed model has smallest
MSE and SSE value when compared with other models. The
95% confidence limits for the all models are given in the
Table III.

 B.   DS2:
The dataset used here presented by wood [2] from

a subset of products for four separate software releases at
Tandem Computer Company. Wood Reported that the
specific products & releases are not identified and the test
data has been suitably transformed in order to avoid
Confidentiality issue. Here we use release 1 for illustrations.
Over the course of 20 weeks, 10000 CPU that SRGM with
logistic-exponential TEF have less MSE than other models.
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VI.   OPTIMAL SOFTWARE RELEASE POLICY

A.   Software Release-Time Based on Reliability Criteria
Generally software release problem associated with the

reliability of a software system. Here in this first we discuss
the optimal time based on reliability criterion. If we know
software has reached its maximum reliability for a particular
time. By that we can decide right time for the software to be
delivered out. Goel and Okumoto [1] first dealed with the
software release problem considering the software cost-
benefit. The conditional reliability function after the last
failure occurs at time t is obtained by

B.   Optimal release time based on cost-reliability
criterion

This section deals with the release policy based on the
cost-reliability criterion. Using the total software cost
evaluated by cost criterion, the cost of testing-effort
expenditures during software testing/development phase and
the cost of fixing errors before and after release are: [9, 13,
25]

Where C1   the cost of correcting an error during testing,
C2 is the cost of correcting an error during the operation, C2
> C1, C3 is the cost of testing per unit testing effort
expenditure and TLC is the software life-cycle length.

From reliability criteria, we can obtain the required
testing time needed to reach the reliability objective R0. Our
aim is to determine the optimal software release time that
minimizes the total software cost to achieve the desired
software reliability. Therefore, the optimal software release
policy for the proposed software reliability can be formulated

as Minimize C(T) subjected to R(t+Ät/t)e” R0 for C2 > C1, C3
>0, Ät>0, 0 < R0 <1.

Differentiate the equation (30) with respect to T and
setting it to zero, we obtain

we can easily get the required testing time needed to reach
the reliability objective R0 . here our goal is to minimize the
total software cost under desired software reliability and then
the optimal software release time is obtained. That is can
minimize the C(T) subjected to R(t+Ät/t)e” R0 where 0< R0
<1 [9,25]
T* =optimal software release time or total testing time
=max{T0, T1}.Where T0 =finite and unique solution T
satisfying Eq.(31)  T1 =finite and unique T satisfying R(t+Ät/
t)=R0
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By combining the above analysis and combining the cost
and reliability requirements we have the following theorem.

Theorem 1: Assume C2<C1<0, C3<0, Ät>0, and 0<R0
<1.  Let T*be the optimal software release time

From the dataset one estimated values of SRGM with
Logistic-exponential TEF á=72(CPU hours),  ë=0.04847 /
week, k=1.387, a=578.8 and r=0.01903 when Ät=0.1 R0
=0.85 and we let C1=2, C2 =50, C3 =150 and TLC =100 the
estimated time T1=37.1 weeks and release time from eq 30
T0 =39.5 weeks. Now optimal Release Time max (37.1, 39.5)
is T*=39.5 weeks. Fig 10 shows the change in software cost
during the time span. Now total cost of the software at optimal
time 8354.

From the dataset two estimated values of SRGM with
Logistic-exponential TEF á=12600(CPU hours), ë=0.06352
/week, k=1.391, a=135.6 and r=0.0001432 when Ät=0.1 R0
=0.85 and we let C1=1, C2 =200, C3 =2 and TLC =100 the
estimated time T1=18.1 weeks and release time from Eq 31
T0 =8.05 weeks. Now optimal Release Time max (8.05, 18.1)
is  T*=18.1 weeks. Fig 11 shows the change in software cost
during the time span. Now total cost of the software at optimal
time 20,100.

CONCLUSION

In this paper, we proposed a SRGM incorporating the
Logistic-exponential testing effort function that is completely
different from the logistic type Curve. We Observed that most
of software failure is time dependent. By incorporating
testing-effort into SRGM we can make realistic assumptions
about the software failure. The experimental results indicate
that our proposed model fits fairly well.
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Figure 8. Qualitative comparison between our approach and Hi-VT5 [33] indicates that the integration of our global-local encoder enhances
reasoning capabilities, especially when inquiries require multi-page context.
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Figure 9. Comparisons between DocFormerV2concat and GRAM.
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