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Motivation

« Current visual recognition systems lack the capability to reason beyond

stack of convolutional layers because of its confined receptive fields.

* By using graphs, we can use globally spatial and semantic relationships

between objects.
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» Local module: performs pixel-level reasoning using ConvNet.

» Global module: performs global-level reasoning using graphs
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» For a region of interest, crop mid-level feature and append high-level feature on it -> f,.

» Using GRU(gated recurrent unit), update spatial memory for region r

" U: update gate, z: reset gate
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Global Module

» Graphs in Global module
Region to Region graphs: Spatial relationship
« Can have multiple types of edges (left/right, top/bottom ...)

« Nodes: N, , Edges: &, ,,
k(z)=exp(—x/A)

(where A = 50 is the bandwidth)
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Global Module

» Graphs in Global module

Region to Class (class to Region): Assignment

 Assign regions to classes using soft-max score.

* Propagate beliefs from region to class or class to region.

i EdgeS Craec, Ceor
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Global Module

» Graphs in Global module
Class to Class: Semantic relationship

« Construct knowledge bases for encoding semanctic relationships

between classes
« Can have multiple types of edges (is-kind-of, is-part-of ...)

* Nodes: N, Edges: &..,.
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Global Module

» Graphs in Global module

inputs spatial path outputs
. Er—:r Gspﬂrfﬂi
. W_ . k tu Lr\‘_h "
O & -’3& semantm path O 0 . .
MCO e SR r:-:-c ’,.-Q - G?semﬂnnc
Q “ﬂ» k e
O O €rag 0 g ﬁ e Ef—"—"-'"

 Node features: M,cR*? (R :# of regions, D: feature dimension)

* Class features: M.cRY*P_ (C:# of classes)
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Global Module

* Feature enhancement

spatial path outputs
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« Spatial path: enhance region features using spatial relationships
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Global Module

* Feature enhancement

spatial path outputs
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« Semantic path: enhance region and class feature using semantic relationships
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Global Module

* Feature enhancement

 Final outputs

G
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Results

Table 1. Main results on ADE test -1k and VG test. APis av-
erage precision, AC is classification accuracy. Superscripts show
the improvement V over the baseline.

o per-instance per-class
% | Method APY ACY APY ACY
Baseline 67.0 67.0 40.1 33.2
w/ ResNet-101 68.2 68.3 40.8 344
" w/ 800-input 68.2 68.2 41.0 34.3
a Ensemble 68.7 68.8 429 353
1,
Ours g peal 7161 717 | 479%7% 3877
Ours_Giobal 69.872% 9.8 | 445" 36,870
Ours_gipal 72.64°  72.6"° | 485" 39,547
Baseline 49,1 49.6 16.9 12.1
w/ ResNet-101 50.3 50.8 18.0 13.0
w/ 800-input 49.5 50.0 17.0 12.2
g w/ Ensemble 50.2 50.7 17.7 12.3
Ours.j oeal 51.4*% 519" | 188" 1287
Ours._Giobal 509% 5150 | 183 12,600
Ours. ginal 51,7%% 52,22 | 19,172 12908
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Results
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conclusion

» This paper uses graph to encode spatial and semantic relationship

between regions and classes and passes massage on the graph.

* |ts results show that the global reasoning beyond convolutions works

better.

J. Y. Choi. SNU
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Reproducing Report
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Code analysis

1. In experiments/scripts/train_memory.sh run tools/trainval_memory.py

if [ ! -f ${MNET_FINAL}.index ]:; then
CUDA_VISIBLE_DEVICES=%{GPU_ID} python ./ tools/trainval_memory.py \

--welght data/imagenet_weights/${NET_BASE}.ckpt
--imdb ${TRAIN_IMDE}
--imdbval S{VAL_IMDB}
--iters ${ITERS}
--cfg experiments/cfgs/E{NET}.yml
--tag ${EXTRA_ARGS_SLUGT *
--net S{MNET}
--set TRAIN.STEPSIZE ${STEPSIZE} L{EXTRA_ARGS}

J. Y. Choi. SNU
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Code analysis

2. In tools/trainnal_memory.py run train_net in lib/model/train_val_memory.py

train_net{net, imdb, roidb, valroidb, ocutput_dir, tb_dir,
pretrained_model=args.weight,

max_iters=args.max_iters)

J. Y. Choi. SNU
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Code analysis

3. In train_net run train_model in same file (line 73)

J. Y. Choi. SNU

def train_net{network, imdb, roidb, valroldb, output_dir, tb_dir,
pretrained_model=None,
max_iters=42882):
"""Train a Faster R-CMNN network with memory. """
roldb = filter_roidb(roidb)
valroidbh = filter_roidb{valroidh)

tfconfig = tf.ConfigProto(allow_soft_placement=True)

tfconfig.gpu_options.allow_growth = True

with tf.Sessionl(config=tfconfig) as sess:

morysolverWrapper(sess, network, imdb, roidb, wvalroidb,
output_dir, tb_dir,
pretrained_model=pretrained_model)

W = Me

print( "Solving...")
| sw.train_model(zess, max_iters))

print{"done solving")
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Code analysis

4. In train_model load data and construct graph

J. Y. Choi. SNU

74

def train_model(self, sess, max_iters):

# Build data layers for both training and validation set

self.data_laver = self.imdb.data_laver(self.roidb, self.imdb.num_classes)

self.data_layer_wval = self.imdb.data_layer(self.valroidb, self.imdb.num_classes, random=True)

# Construct the computation graph

1r, train_op = self.construct_graph(sess)

-> construct graph

# Find previous snapshots if there is any to restore from

1sf, nfiles, sfiles = self.find_previous()

# Initialize the variables or restare them from the last snapshot

if 1sf == @

rate, last_snapshot_iter, stepsizes, np_paths, ss_paths

uuuuu

rate, last_snapshot_iter, stepsizes, np_paths, ss_paths = self.restore(sess,

timer = Timer()

iter = last_snapshot_iter + 1
last_summary_iter = iter
last_summary_time = time.time()
stepsizes.append(max_iters)
stepsizes.reverse()

next_stepsize = stepsizes.popl)

Make sure the lists are not empty

strisfiles[-11),
strinfiles[-1]1))

self.initizlize(sess)

-> Load data
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Code analysis

5. In construct_graph in lib/model/train_val_memoey.py, construct graph for training

J. Y. Choi. SNU

def construct_graphiself, sess):

with sess.graph.as_default{):

# Set the random seed for tensorflow
tf.zet_random_seed(cfg.RNG_SEED)

# Build the main computation graph

layers = self.net.create_architecture('TRAIN®, self.imdb.num_classes, tag="default'}

# Define the loss

loss = layers["total_loss']

# Set learning rate and momentum

1r = tf.Variable(cfg.TRAIN.RATE, trainable=False)

self.optimizer = tf.train.MomentumOptimizer(lr, cfeg.TRAIN.MOMENTLR)

# Compute the gradients with regard to the loss
gvs = self.optimizer.compute_gradients(loss)
grad_summaries = []
for grad, var in gvs:
if 'SMN' not in wvar.name and "GMMN' not in var.name:
continue
grad_summaries.append(tf.summary.histogram{ ' TRAIN/" + var.name, war)})
if grad is not None:

grad_summaries.append(tf.summary.histogram('GRAD/" + var.name, grad))

-> most important part

22



Code analysis

6. In create_architecture in lib/net/network.py, define rois and its cls_prob (output)

roiz, cls_prob = self._ build_network(training)

J. Y. Choi. SNU
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Code analysis

7. In _build_network in lib/nets/network.py, compute rois and its cls_prob through

several conv layers

def _build_network{self, is_training=True):
# select initializers
initializer = tf.random_normal_initializer(mean=8.8, stddev=0.81)

=
]
Irs]

net_conv = self._image_to_head(iz_training)
with tf.variable_scope(self._scope, self._scope):
# get the region of interest
rois, batch_ids = self._target_laver("target™)
# region of interest pooling
pools = self._crop_pool_layver{net_conv, rois, batch_ids, "pools™)

fc7 = self._head_to_tail{pools, is_training)
with tf.variable_scope(self._scope, self._scope):

# region classification
cls_prob = self._region_classificetion(fc7?, is_training, initializer)

self._score_summaries.updete(self._predictions)

return rois, cls_prob

J. Y. Choi. SNU



Code analysis

8. According to the graph for rois and its cls_prob, train the model iteratively in

train_model function (lin 99~ 149 in train_model in lib/model/train_val_memory.py)

while iter ¢« max_iters + 1:

J. Y. Choi. SNU

i Learning rate
if iter == next_stepsize + 1:
it Add snapshot here before reducing the learning rate

self.snapshot{sess, iter)

rate *= cfg.TRAIN.GS
sess.run{tf.assign{lr, ratel)
next_stepsize = stepsizes.pop()
timer.tic{)
# Get training data, one batch at a time

blobs = self.data_layer.forward{)

now = time.time{)
if iter == 1 or Y
(now - last_summary_time > cfg. TRAIM.SUMMARY _INTERVAL and %
iter - last_summary_iter > cfg.TRAIM.SUMMARY _ITERS):
it Compute the graph with summary
loss_cls, total_loss, summary, gsummary = %
self.net.train_step with_summary(sess, blobs, train_op, self.summary_grads)
self.writer.add_summary{summary, float{iter))
self.writer.add_summary{gsummary, float{iter+1))
# Also check the summary on the walidation set
blobs_wal = self.data_layer_wval.forward{)
summary_val = self.net.get_summary(sess, blobs_wal)
self.valwriter.add_summary(summary_wal, float{iter})
last_summary_iter = iter
last_summary_time = now

else:
it Compute the graph without summary
loss_cls, total loss = self.net.train_step(sess, blobs, train_op)
timer.toc{)

i Display training information

IN.DISPLAY) == 8:

if iter ¥ (cfg.TRA

print{ 'iter: %d / %d, total loss: E.ef\n »>> loss_cls: X.ef'\n »»> 1r: %F°

(iter, max_iters, total loss, loss_cls, lr.eval{})})

print{ 'speed: {:.3f}s J iter'.format(timer.average_time))

it Snapshotting

if iter B cfg.TRALN.SNAPSHOT

last_snapshot_iter = iter

s5s_path, np_path = self.snapshot(sess, iter)
np_paths.append{np_path)
ss_paths.append{ss_path)

it Remove the old snapshots if there are too many
if len(np_paths) > cfg.TRAIN.SNAPSHOT_KERT:

self.remove_snapshot({np_paths, ss_paths)

iter += 1
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Reproduced Results
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Reproduced Results

&) dho ab-all-5 - fworksg fiter-reason

»¥> loss_cls: 11.38837H

>»» |r: 0.000060

cpeed: 0.898= / iter

iter: 85460 / 100000, total less: 7.516715
¥ logs_cls 6146005

>>> |r 0,000080

speec: 0.830s / iter

iter: 85480 / 100000, total © 4,BE3376
»¥= loss_cls: 3292666

>»» |r: 0.000060

speed: 0.898= / iter

iter: 85500 / 100000, total 1 3.298170
¥ loss_cls! 1.927463

>>> |r 0,000080

speec: 0.830s / iter

iter: B5520 / 100000, total o T.T02540
»¥> loss_cls: 6.331835

>>» |r: 0.000050

speed: 0,898z / iter

iter: 85540 / 100000, total 't 4.916287
¥ loss_cls 3.545584

>>> |r 0,000080

speed: 0.898s / iter

iter: BSSEO / 100000, total . 3.238485
> loss_cls: 1.8677E4

>xx |ri 0,000050

speed: 0.898= / iter

iter: B55E0 / 100000, total 1 3.779505
¥ loss_cls: 2 40RB0B

>>> |r 0,000080

speed: 0.898s / iter

iter: BSEOO / 100000, total . 3.283768
=¥ loss_cls: 1.973071

>xx |ri 0,000050

speed: 0,898z / iter

iter: BHE20 / 100000, total ©3.045011
¥ loss_cls 1.674317

>>> |r: 0,000080

speed: 0.838s / iter

iter: BSEA0 / 100000, total o B.731804
»¥> loss_cls! 3361117

>xx |ri 0,000050

speed: 0,898z / iter

iter: BHEED / 100000, total © B.BTT748
¥ loss_cls: 4507080

>>> |r: 0,000080

speed: 0.898s / iter

iter: BSEBO / 100000, total c4.802719
»¥> loss_cls: 3.532032

>xx |ri 0,000050

speed: 0.893= / iter

iter: BHT0D / 100000, total less: 2.923544
#>> loss_cls! 1.557858

>>> |r: 0,000080

speed: 0,898z / iter

J. Y. Choi. SNU (training 1+§)




Reproduced Results

Git link: https://github.com/JungHunOh/gcn project.git

Requirements: tensorflow 1.15, cuda 10.0 etc.

J. Y. Choi. SNU
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