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BT

» TensorFlowiEEss el LIRIBMERES 5, FAET B HIBRIKEIAY™

tensorflow as tf

.constant(1.0)
.constant(2.9)
.sin(a)

.cos(b) sk S cFdA
.add(c, d) UAFEARAT

with tf.Session() as sess:
sess. Pun(e)
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fix+h) - f(x)
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d d d
—(f0) +9() = —f(x) +—g(x)
L Feg() = (£ () 90 + F ) g ()

d fx) _ fr)gt) — fF(x)g'(x)
dx g(x) g(x)?

. N ~n+/Qls =18
y TR FRIATUAKIO)ER
Table 1 Iterations of the logistic map ln+1 = 4l,(1 — ), I1 = x and the corresponding
derivatives of l, with respect to z, illustrating expression swell.

n ln %En %In (Optimized)
1 T 1 1
2 dx(l—=x) A1 —z) — 4z 4— 8z

3  16x(1 — z)(1 — 2x)? 16(1 — z)(1 — 2z)2 — 16z(1 —  16(1 — 10z + 2422 — 1623)
233)2 —64z(1 — z)(1 — 2x)

4  64z(l — z)(1 — 22)2  128z(1 — z)(—8 + 16z)(1 —  64(1—42z+ 50422 — 264023 +
(1 — 8z + 8x2)2 22)%(1 — 8z + 8x2) + 64(1 —  7040z* — 998425 + 71685 —
z)(1—2z)%(1 — 8z + 822)2 —  2048z7)
64z (1 —2x)%(1 — 8z +8x2)2 —
256x(1 —x)(1 — 2z)(1 — 8= +
8:1'.‘2)2
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AB---f(xq,x2) = (€1 +x3) (x2 +1)

———————————————————————————————
- ~

X1 =

X, = 2

X3 = e*1 = 20.086

Xs = x3 +x, = 22.086
X, =%x,+1=3

Xg = X4 * X5 = 66.258
Yy = Xg = 66.258
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AB---f(xq,x2) = (€1 +x3) (x2 +1)
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1 ’ ’\ X6 ,', Xy = le + x22 = 25.086 \
— —  Ox o
Xy X4 / y I X1 = X3 * a—x‘: = X3 *X3 = 60.258
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» FEREY)||Z Fatftrain.Saver () SRIRFIRELHHY
%ﬁﬁ%

import tensorflow as tf

weights = tf.Variable(tf.random normal([3@,60],stddev=0.35),name="weights")
= tf.Variable(weights.initialized value(),name="w2")

#1fk saverit 4
saver = tf.train.Saver()

with tf.Session() as sess:
sess.run(tf.global variables_initializer())

W 00 =] on LN Bl R e

106 for step in xrange(10000€0):

11 #AAT AL 25

12 sess.run(training_op)

13 if step % 1600 == 0:

14 # H RS B R EE R A7 Bl S 2O

15 saver.save(sess, './ckpt/my-model")
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-
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y BEFEFE N checkpointFED) |4 EFISEET, EEMN ckptsdie
HERFHIEZE

y [EFEEBtitrain. Saver() ik S AEESTYIRHES

import tensorflow as tf

weights = tf.Variable(tf.random_normal([30,60],stddev=0.35),name="weights")
w2 = tf.Variable(weights.initialized value(),name="w2")

#I Y PR AT T B4 S e AR
model path = ".fckpt“

W00~ N s W =

#5C |1k saver it 4
10 |saver = tf.train.Saver()

with tf.Session() as sess:
#R PP E{EHA AL E
ckpt = tf.train.latest checkpoint(model path)
#k R L wE

saver.restore(sess, ckpt)

print(sess.run(weights))

print(sess.run(w2))
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save

control_d Assign Assign_) restore all
Const restore_all restane_all ABBIgN n
Agpign_1
Comst (., SaveVZ Const (. Restorey 2
tensor_na... tensar_na,..
shape_and ., shape_and...

-~ ey
» TensorFlow @I a1+ EEFiEASave T M EKEAT s Kol R R iR R
HYTIRE
y ARERENT, URBEIETEEEARestore DR NEXREKT RK5T
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» Switch: — > SWitcHEERIBIZEHIHAD
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» Merge: Mergal@FREREFR—1HIA
WEEEH, Y—MMergel/ERYEE—D
MNESITFZE, MergelBR{EsaihiT,
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» Enter(name): EnterS{ES SRt

NIE@AE SInamefIH T,

» Exit: EXBRIE, B—1KEN—
PDFRITIHED BRI T, &
HIERR R KENFRITIUR(DIZE
ACHA TN,
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Nextlteration: Next/teration&{EXE—1
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IR,
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Nextlteration#{E, ZIRITMAYISENEEIA
1THISE— > Nextlteration{FH I8 THY,
Tensorflowl9Iz TR FF a1 T8 N+ 142RY
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» cond(pred, true fn. false fn)

I

" Merze )

/\

i

e i \
T

tf.cond(x>y, lambda: tf.subtract(x, y),
lambda: tf.add(x, x))
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» cond(pred, true fn, false n)

# Vs N Switch 47 A
switch_f, switch _t = Switch(pred, pred)
# Gl & Switch A H I [ 3 5

ctx t = MakeCondCtx(pred, switch t, branch=1)

# f & Switch A B I 1) 1F 5 A

res t = ctx_t.Parse(true fn)
# Bl B Switch A ffg I A 34 55
ctx_f = MakeCondCtx(pred, switch f, branch=0)

# @) & Switch A I 7 1F 5 K

res f = ctx_f.Parse(false fn)
f WA S REHE R

rets = [Merge([f, t]) for (f, t) in zip(res f, res t)]

tf.cond(x>y, lambda: tf.subtract(x, y),
lambda: tf.add(x,

fros & =19 & T et al. S ' http://noVeI.ict.ac.cn/aics
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» while loop(pred, body, loop vars)

Mul ]




» while loop(pred, body, loop vars)

1 # GIEHIE

2 while ctx = WhileContext()

3 while_ctx.Enter()

4 # NENEHZEEDRMN - Enter i &

5 enters = [Enter(x, frame_name) for x in loop_vars]

6 # #SiMerge T &R, Merge ™ R HISE 4 M AF )G 2 4 50 Hh ) ,
7 |merges = [Merge([x, x]) for x in enters] F .. T
5 # FIRGEH T
9 |pred_results = pred(*merges)

10 # FhISwitch™i &

11 switchs = [Switch(x, pred_result) for x in merges]

12 # AL AR

132 body_res = body(*[x[1] for x in switchs])

14 |# #sHlINextItreation i &=

15 nexts = [NextIteration(x) for x in body_res]

16 |# FHEIEHIEAR

17 for m, n in zip(merge_vars, nexts):

18 m.op.update(1l, n)

19 |[# IR HAT A

20 exits = [Exit(x[@]) for x in switchs]

21

WhllE ctx.Exit()
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» client: B sessioniz 5 masterfiworkeriz &5,
workera] LL@—1, tBRJLAZZ 1.
» master: EHIFTrEHIWorkeriglRITEENIT,
» worker: B—PworkerAE—PEEZ P ITREIREHIF
=0, FRIEMasterfIig <, IITXETEIREF
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EiE kR

import tensorflow as tf

tf.constant(8)
tf.constant(9)
tf.multiply(x, vy)

with tf.Session() as sess:
put_z = sess.run(z)
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. client —— master || . clent —— master || !

Vemeeeeee ’session t- == q- - - ’ ! Vemeeeees /session === - - ’ !

1 : 1mn :

I i

execut : (=i} :

subgraph ! subgraph !
I 1 [ e S B
- A : L peseseses  SutmSwESESR ~ 1 I T T !
" worker oo IR CEGPU, |GPU, HilE Lol A E
: GPU 1 - GPU,§
g 1 £ - JJ | worker,
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—MREYER,
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Ak, MEMFBKT SETEESIT UL
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FELAINRIFLERAS
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run
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» CPUIEASEBESEE, BT EREESHINTE. (18BEYYE
» GPU{EJgworker, FBFH&EEY)||4
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y IZIRIU TR, client. masterfiworkere] LA TAEFA~EH 5
FRIAEFHIZR
y R ANMZIRFNITIRD

‘ client | ll[ maﬂterj
Process SEssion process

run

o

O

exeCube
subgraph
[ worker ) worker [ worker
process 1 process 2 process 3
GPus | [ 1| [GPue ]l ]
[GPU ] [CPU= | | | [GPU: ] (CPUa ]|
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y 10 ITEEIER
» 2. TEEIDE
» 3. ITEEITH
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» BEY: BREIAMEITIER/NFE
» B
NN 59NN E
PSS AL n R Bh S Wy N RE RSNV

tensorflow as tf

tf.placeholder(dtype=tf.float32)
tf.placeholder(dtype=tf.float32)

tf.add(a, b)
tf.sin(a)
tf.multiply(c, d)
tf.cos(c)

with tf.Session() as sess:
res = sess.run(f, feed_dict={a:2,




» BRY: BRI TR/ FE
» BFE:
SN SOMNRRIRRE
1@ FunctionCallFrame BR0JE FRMUSK AR R H N\ 3 B Z3BAY[)RT
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» EIEEIN: cost model, EEEHFENT AR L tensorfJ£L
EE. 811 200FU T EYE
» BEIEAITIZRE:
1. MitEERSSFEED
2. WFEBFNE TR, EEEITTIOREES
3. MR RBENERMLIISERENWNZ, WREAAT
4, MRENTHREEZSNTRE, URAROEL, ©E
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v EIEE
[ Pyton | [ C++ | [ Java | .. | Swift |
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TensorFlowRRIEILHE Grapplerf@ R L)

BT E, TLURERERE SRR EREERE, N
MRS ERANTEREFE SHIRR AR EZ
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Arithmetic: EAREY,
Layout: LK

Remapper: BFmiS
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=5iTE& (ConstFold)

» BNSRHATRAULERENITE, AEEINEREMRFITR
KRB EKRNEEH TR
y EER=DKHEREER

MaterializeShapes: &ME5ShapetBxAIT =

FoldGraph: X8 P TRAVEIAFITRN, R Consth=, N

EENTEHERTESRI TR

SimplifyGraph: B BRPIREEEE, 10

Mul(c1, Mul(tensor, c2)) -> Mul(tensor, c1* c2),

Concat([tensorl, c1, c2, tensor?]) )) -> Concat([tensor1, Concat([c1, c2]),
tensor?]),

Zeros(tensor shape) - tensor! -> Neg(tensor?)

: B/iff\‘;g%%fé & 2 et al. S :"hu»&/onel.ict.ac.cnléai.csj__;,__g__




& [ ®
SR (Arithmetic)
» BERINERD . AEFFRAIUBER. ERNEW
tensor + tensor + tensor + tensor -> 4 *tensor,

AddN(tensor * c1, ¢2 * tensor, tensor * c3) -> tensor *
AddN(cT+c2+c3)

(matl + sT) + (mat2 + s2) -> (matl + mat2) + (s1 + s2)
ERAFRITE . JgiECEURE EMEIEUX = /ERT,  g(g(h)
Rk h
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R (Layout)

: NHWC2ZNCHW

. - NCHW2NHWC &

» TensorFlowH R\ K

' INHWCHZ I, 1M

GPUAR{EEFINCHW
) » FTEERIGPUITE
A
.

T M <Z 8 E &
; NCHW2NHWC  #0
| T NHWC2NCHW # it

| AL RPN
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EiRGT (Remapper)
» BFHE, BHIMERSOFER— RRETRER,
] xﬁz?
» AJLUH TERE FE RV BiE
ConvZD + BiasAdd + Activation

Conv2D + FusedBatchNorm + Activation

MatMul + BiasAdd + Activation

» BFRE:
BiRFEVEETHE
T8 Conv2D + BiasAddlY, Conv2DRIEIEAMERZ oA TRY, &t
&afIBiasAddt R LA /r 7B EH T
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1. BERENEME | © k @ ®
FEREDREN | |
send_erecvw,ﬁ \/ - ,
3. EREANNDT %
g EINxT =3 Device A é J LDe'u'@A é)

send T3 =AY

4. FIZEBIMNAYF

=dh, 1 A0recv =22
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ﬁ*ﬁ _CL‘n

y AR SZREE(E (Point-to-Point Communication) FIESES
(Collective Communication)

» TensorFlowssLIl T ESBENERE
all_sum: BBV KEHTRINEE, FPRRERINERT BEEEhm HKE,
all_prod: YSEABRIMIANKEHITHER(E, FTHERAER BEPTERIAETKE,
all_min: BB MAKEH TING/IMERIE, FPRZERT BEFIERHHIKE,
all_max: BBV KEHTIGRXEIRIE, TRZERT BEBE HKE.
reduce_sum: FRIBRVBINKEHTRINRE, FREXPER,
broadcast: FHINKE EEPTEHIRE.
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» NTRERSHXNEZTRESE, TensorFlow R IEIN T 5

IRt SIS

» —hHERESendfIRecv T RIEWAIIERIE, —HHEEH
WBEEHD LIEVRVRES
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* z & = L il
2, ITRERITIRIR
» Session == A3 P #0 TensorFlow
=ITRTHYEEO, TESessionizzr R EE TR
=i \SRES (SR FHAEST 13 = tf.placeolder(tf. int32)
o 3 = tf.placenolder(tf. 1nt32)
r —IRBRET, BTRESE— HEglsnien)
ANHFTEE (Executor) , fa= ELURBEDUERES
RgE EFIEERNT | print{sess.run(c,feed.
» Run pREZSession HITHIZL
24, mHEPTKITEERBIRN
17, BEEZ. z7HRE

dict = {2:188,b:200}))




iTHEERITRIRESTIE

1|Status DirectSession::Run(const RunOptions& run_options, const NamedTensorlist& inputs,
2 const std::vector<string>& output names, const std::vector<string>& target nodes,
3 std: :vector<Tensor»* outputs, RunMetadata®* run metadata) {
4| 7/ HHEE A SEE S Finput_tensor names. input size
5| std::vector<string> input tensor names;
6| dinput_tensor_names.reserve(inputs.size());
7| size t input_size = @,
8 for (const auto& it : inputs) {
9 input_tensor names.push back(it.first);
160 input_size += it.second.AllocatedBytes();
I ]
12| metrics::RecordGraphInputTensors(input size);
13|

14 //EIBNESIHTSE. NECEFENERFER, AFENeE.

15| //ExecutoriE#iTgraphitE#E{E, £ Executorf[LLFITHE, EfeediftbEHEEIEEFTEH.
16| ExecutorsAndKeys* executors and keys;

17| RunStateArgs run_state args(run_options.debug options());

18 run_state args.collective graph key = run_options.experimental().collective graph key();
19| TF _RETURN IF ERROR(GetOrCreateExecutors(input tensor names, output names,

20 target nodes, &executors_and keys, &run state args));
21 {
22 mutex lock 1l(collective graph key lock );

23 cullectlve graph key = ExecutGPS and keys >cullect1ve graph key, I

=y %F/f novel ict.ac. Q,A.":.'—':




25
26|
7
28
29
30
31
32
33
34
35
36
37
38
39

/] EERFUARMSE, AERCERTHENEASEE

FunctionCallFrame call frame(executors and kevs->input types. executors and kevs->output tvpes):

/] BATEE N feed FIRELA, FHHITERE N Zlfetch
gtl::InlinedVector<Tensor, 4> feed args(inputs.size());
for (const auto&k it : inputs) {
if (it.second.dtype() == DT _RESOURCE) {
Tensor tensor from_handle;
TF_RETURN_IF ERROR(ResourceHandleToInputTensor(it.second, &tensor from handle));
feed args[executors_and keys-»input name to index[it.first]] = tensor from handle;
} else {
feed_args[executors_and_keys-»input name to index[it.first]] = it.second;
1
}

const Status s = call frame.SetArgs(feed args);

=

i

== £ri R Y = =2, = = =
¥ & Fmetal - = = Shitp//novel.ict.ac.crfaies s



Runinternal gf%{

L Status DirectSession::RunInternal(int64 step id, const RunOptions& run_options,
CallFramelnterface* call frame, ExecutorsAndKeys* executors and keys,
RunMetadata* run metadata, const thread::ThreadPoolOptions& threadpool options) {

/] RunState BTFIMEETHRE, WE IntraProcessRendezvous BT A TensorEE

run_state.rendez = new IntraProcessRendezvous(device mgr .get());

/] FEFATRITE

const size t num executors = executors and keys->items.size();

/| HE ExecutorBarrier ATIMAZ T Executor FT1E, FEE 1 ExecutorBiTgraphtt EF ETE A —E11E.
10 // FEbarrierftHET, B -executorTEHN i ATgraphit EEIE.

11 ExecutorBarrier* barrier = new ExecutorBarrier(

12 num executors, run_state.rendez, [&run state](const Status& ret) {

L% o TR =« R Y o & R o R O O ]

B
14 mutex lock 1(run state.mu );
15 run_state.status.Update(ret);
16 '

17 run_state.executors_done.Notify();




20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
35
38
39
40
g1
4 1

/] REBHAITE
for (const auto&® item : executors_and keys->items) {
// B TR FiETExecutor
thread: : ThreadPool* device thread pool =
item.device-»tensorflow device thread pool();
if (!device thread pool) {
args.runner = default runner,
} else {
args.runner = [this, device thread pool](Executor::Args:
device thread pool-»>Schedule(std: :move(c));

¥s
}

if (handler != nullptr) {

:Closure c) {

args.user_intra op threadpool = handler-»AsIntraThreadPoollInterface();

}

item.executor->RunAsync(args, barrier->Get());

h
/] BREPITRER

WaitForNotification(&run state, &step cancellation manager,
run_options.timeout in ms() » @ ? run_options.timeout in ms()

!‘, w&‘\,\}

& =g etal— < " Shttpy//novel.ict ac. cnfa

: operation_timeout_in ms );
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ScheduleReadyZigifitE
» BN readyBAAlI (FRIAITBAZU) , inline_readyBA 4
(S RIZAEZ2NIERIBASY)

IESSER=WSLPari=
N EZE]inline_ready
BAFIE, &SN EED
HTERIE T

readyPAZTo AL

inline_ready =7

g0 inline ready s

{ERFr i o Al =NPRENSTFE
EreadypAZIHEIE V™ =R BA
OSsi= inline_readyfA%1,

< Shittpy/novelict.ac.cr/ai




» readyAZIRHIE T KRERE A process FiA KRBT IR,
ProcessERE=EBIEH T =it &
FO0pKermne8EIz1T8E . OpKernel:Compute/ERZ M NFIS A
ERREITE. METEEL. EREh. B RIEKEe R
» TEZRHEEEZHNRERMIZ TRV, EPBREIDE T
=B8R, mSend/ReceiveBFNIE2FZ1TEIRT,
y EGPUXFEBHITR (Stream) BESENES, ZEREFT
RFEIEESET, ERRCompute B RFTEFSEE
NERE T HRITRE
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» TensorFlowRg e 72 i AR Em AT E IR B P2

» TensorFlowfE A EMILFIREE RS, B RERE—"T
FEREE, LB IMEOSISFEEN RS

y kA EDeviceBasezs, HENX TEANFIEEN Sz

» EFDeviceBasezsi#H—=1%11 7 LocalDevicezs

y AR ESETF LocalDevicegl|Z2E CRIREZEE, BET T

NS EME TensorFlowiz{TAY




1 class BaseDLPDevice : public LocalDevice {

public:

BaseDLPDevice(const SessionOptions& options, const string& name,
Bytes memory limit, const Devicelocality& locality, const int device id,
const string& physical device desc, Allocator* dlp allocator,
Allocator* cpu_allocator, bool sync_every op, int32 max_streams);

/! BEEEE LRI AR Tensor.

bool RequiresRecordingAccessedTensors() const override;

W 20 =] o WA sl pa

/1 ASTEENTTEESRERTR, FfERANRAEFEE-

Status FillContextMap(const Graph* graph, DeviceContextMap* device context map) override;

/{ B USERTRFATEESEHER.

Status Sync() override;

[ 7' JHtEEE T ERHRITHR-

void Compute(OpKernel* op kernel, OpKernelContext* context) override;

[/ REVE, BREEMTEERATEIAHEZL. RESendMRecvEFFEZELL.
void ComputeAsync(AsyncOpKernel®* op kernel, OpKernelContext* context,
AsyncOpKernel: :DoneCallback done) override;




/[ PP rlEefl S & md, XTRITATEE S EHEEEEID -

int dlp id{) const { return dlp id ; }

M IFREFIALEIRPATAE, AEREEEE. EMEEFILESFRRATI-

DLPStreamExecutor® executor() const { return executor ; }

protected:

/f FFSECER

Allocator® dlp allocator ; // not owned
Allocator® cpu_allocator_ ; // not owned

/[ FEEFAHGEIFRIPAT S

DLPStreamExecutor®* executor_; J/not owned

private:

// BUATIREER

vector<DLPStream®*>» streams_;

/il IR

std: :vector<DLPDeviceContext®*>» device contexts ;
/I EEEE

DLPDevicelInfo* dlp device info_ = nullptr;
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» TensorFlowBY1R & 8= Sendf]Receiveo =i 1T, (&
IRendezvoust|il e EIERZ B

» Rendezvous# &l 39N R M T B E ANEYSend . Recv ]

RecvAsynciEOFIEI, EARNBEED= FMEE2RE A
gHISCI

y XWTF AR EE ISR, TensorFlowig{ 7 LocalRendezvous
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& RendezvoussLAiIBE— M EEZR, HEFIcx 785X
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» B ERSend B AR ERZESEEE, BEBER
Receive T AT EIBEFHREZYE, BEE I UTEER
RS ZIE FRecv 3 ARIRENE R, BI LAGEE (FERRERE
PEZERY T ARIRENEUE.

r MEWFS R, IBERAREEAIEE NI R IRISEIEE,
FAE U REA =R,




1 class Rendezvous : public core::RefCounted {

2 public:

3 struct Args {

4 DeviceContext® device context = nullptr;

5 AllocatorAttributes alloc attrs;

6 CancellationManager*® cancellation_manager = nullptr; // not owned. +;
8 [/ TR CreateKey B EIEFRIIET] LLEE T rendezvousE1{E .

=] static string CreateKey(const string& src_device, uintéd src_incarnation,
18 const string& dst dewvice, const string& name,

11 const FramefAndIter& frame iter);

13 /i Btrrendezvous #{E., BIEFAEHMNIEESEE.

14 struct ParsedKey {

15 StringPiece src_dewvice;

16 DeviceNameUtils: :ParsedName src;
17 uinted src_incarnation = 8;

18 StringPiece dst device;

19 DeviceNamelUtils: :ParsedName dst;
20 StringPiece edge name;

pl |

22 ParsedKey() {7}

23 ParsedKey(const ParsedKey& b) { *this = b; }
e+ i

25

26 +

Y

=
-

3
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» Rendezvousz=HeEE ZHIEAZIZE SendFJRecv

» RIEFE (Send) : Blensor (val) FIRZE (is dead) Z1F
,%\éiﬁﬁﬁ—ﬁﬁi%@%ﬁE’\J%@E\@f@_to IS deadL 2/l
%J/Jlﬂﬁ/ﬂt:—:T_ lﬁﬁﬁﬁﬂzﬁ:io

EEE, BRZEERE3 Send%DRech— | ZZ1’EH$}_

virtual Status Send(const ParsedKey& key, const Argsk args,
const Tensord val, const bool is dead) = 0,

typedef std::function<void(const Status&, const Argsk, const Args&, const Tensor§,
const hnnl' > DoneCallback;




[TLLIY

» RendezvouszER e EHIREESendFdRecy

W HE (Recv) | BBFRecv RANBMATEIEA 2B,
AR EWIETL, —BIiXERYTensorE388Y, [ClifE R £L
B= BZLHFH SThkRecviaZ8(F,

11 B 1B

|| R RN [RAER
virtual void RecvAsync(const Parsedkeyh key, const Argsk args, DoneCallback done) = 0;

|| ERReclsyncirE L R RIES
Stath Recv(const ParsedKey key, const Argsk args, Tensor* val, bool® is dead, intbd tineout ns);
Status Recv(const ParsedKeyk key, const Argsk args, Tensor* val, bool* is dead);




AiPE(S: LocalRendezvousimpl
» SendiR#: WNSEAZI (BNSEEEE) FHERENGIHR
BSendiEE., NMKEEHEHIESHNTIBAIY; FNSRAA
Sl BRecvlIER, NEFEEX N SendEE@BITRecvly

oI RREEZaRecy,

» RecvEREL: EEZiERERecvAsync, W5

SUNTI sl =2 =

=

SendZ8, ER4ABEIEIEZSend(ZE4MBIS: 4NEFASI
oy E RN BRecvEER, MIEEEARIXRecVIEEFINAZERA
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RS : RemoteRendezvous

» TensorFlow R {EARPCEENSISCILTIREE, FIthEE(E
{HARpcRemoteRendezvoustlLEI{E ik zéﬁ%ﬂ’\]ﬁcﬁ

» RpcRemoteRendezvousk

—XAR9, tEFEASenc

NLocalRendezvoustEEEZ4E
FRecvl N A T3 B

» RpcRemoteRendezvouszs

k75 TF-BaseRemoteRendezvous




» EBaseRemoteRendezvousHiiE X T RecvAsyncHI=LIR

void BaseRemoteRendezvous::RecvAsync(const ParsedKey& parsed,
const Rendezvous::Args& recv_args, DoneCallback done) {

1
)
3
4 1f (IsSameWorker(parsed.src, parsed.dst)) {

5 //WMEJEAH B2 RN worker, TR A HifJRecvAsync
6 local ->RecvAsync(... ... );

:

8

9

L

else {

/ /%5 MiF HRpcRemoteRensezvousfJRecvFromRemoteAsync /7 iz .
10 RecvFromRemoteAsync(parsed, recv args, std::move(done));}
11 ... ...
12 |}

5 : & S Zadh = ;,i" rz;:i;}! ': = ‘>., = = =
1 & ERf et al. =% hittp://novel.ict.ac cojaics
7 - - R S




RecvFromRemoteAsync

EESZFHBEIRpcRecvTensorCall Z2 BRI 2 AR, BT HFEUTE

A /S
1 woid RpcRemnteRendeszUS REEUFPﬂmﬁemﬂteﬂEync(CDHSt Rendezu0u5 Par5edﬁey& parsed,

const Rendezwvous::Args& recv_args, DoneCallback done) {

CHECK(is dnitialized());

L4+ ot e - =

ff EEHIF B ESIRpcRecvTensorCallZETFd 2B A, H TFTEEEEZ=ETensor.
// RpcRecvTensorCallfFE2 <18 FHWorkerfJRecvTensorAsync i FfHRiE 3
RpcRecvTensorCall®* call = get call freelist()->MNew();

WorkerSession® sess = session();

WorkerInterface® rwi = sess-»worker cache()->GetOrCreatelorker(call->src_worker_ ) ;
Device® dst dewvice;

if (s.ok()) {

s = sess->»device_mgr()->LookupDevice(parsed.dst_device, &dst_dewvice);

}
/i EIhEAL 2 iE AR

call-»>Init(rwi, step_id , parsed.FullKey(), recv_args.alloc_attrs, dst_dewvice,
recv_args, std::move(done));

f FrEs IR iE A
Ref();
call-»>Start([this, call]{) {
call->Releaselorker(session()->worker_cache());
call-»>done{){s, Args(), call-»recv_args(), call->tensor(), call-»is dead());
get_call freelist()-»>Release(call);
Unref();

PRSI ——
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5. EF5El
y BT TlensorFlowpIEARE T, OpKernel 28 FHU4EER
17, KT IEEES

» TensorFlow B8 1T/ EF ML & K< IFA BN EFFHENAY
OpKernelERZL

Eigne CUDA Bang

fram &= & R et al. == http://nd;;el.ict.ac.cn/-a.ics



» OpKemnelfUit&Er]LAZRZHNB A LAEREH
» KaBs3OpKermnelfit&ZEIZRY, "Compute() 1R [EIRIIAIEL
TR EARANIE
#x&OpKernel, E5Compute() %
» FDIBEEXHIOpKernel (FSendFdReceive) FEEXKFT
HATHIC
#xExAsyncOpKernel, E5ComputeAsync() 7%
» FFERIOpKernelfZESLIComputesi,ComputeAsync &R,

#2181 I OpKernelContexti52IINBIHER, FhgEiziTik
S

1N

-
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anill

» 1. EFOpKernel EXEF

1|class DLPMaxPoolOp : public OpKernel {
2| public:
3 explicit DLPMaxPoolOp(OpKernelConstruction® context)
E /] BfEcontextE B #HITHIBHETLESIRE.
5 e
5| )
7 vold Compute(OpKernelContext® context) override {
B /! {FRDLPERIZE S LT AIMaxPoo iz HIF ..
E
1@ T
11
12}
y 2. BB EAEITensorFlowZ 4t
1 REGISTER_KERNEL BUILDER(Name("MaxPool™) /] OpBF
2 .Device(DEVICE DLP)
TypeConstraint<T>("T"),
DLPMaxPool0p<T>);
Yy s

8 i etal

\e—Q'?§E$H7novehctacc’y43w~L

: OpKernel(context) {

/] EEEE
/] FEEL
f’f Dpl-f.er*nel'ﬂ‘ﬁ
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1
2
3
4
5
B
7
B
5

18
11
12
13
14
15
16
17
18
19
28
21
22
23
24
25

4

def build vggnet(vggl9 npy path):
models = {}
models| "input'] = tf.Variable(np. zEPGS{{1 224, 224, 3)).astype( 'float32"))
models| ‘convl 1'] = basic_calc('conv’,models["input’],read wb(vggl9 npy path,’'convl 1)
models| ‘convl 2'] = basic_calc('conv’,models['convl 1'],read wb(vggl9 npy path,'convl 2
models| ‘pooll'] = basic_calc('pool’,models['convl 2'])
models[ ‘conv2 1'] = basic _calc(conv',models| 'pooll’],read wb(vggl9 npy path, 'conv2 1)
models[ ‘conv2 2'] = basic_calc( conv’ ,models[ conv2 1°],read wb(vggl9 npy path, ‘conv2 2
models[ ‘pool2’] = basic_calc('pool’,models[ conv2 2°])
models[ ‘conv3 1'] = basic_calc( conv',models[ ‘pool2’],read wb(vggl9 npy path, ‘convi 1)
models[ ‘conv3 2'] = basic_calc( conv’ ,models[ conv3 1°],read wb(veggld npy path, ‘convi 2°
models[ ‘conv3 3'] = basic_calc( conv’,models[ conv3 2°],read wb(vggl9 npy path, ‘conv3 3
models[ ‘conv3 4'] = basic calc('conv',models['conv3 3'],read wb(vggl9 npy path, 'convi 4
models| 'pool3'] = basic _calc('pool’,models["conv3 4'])
models| ‘convd 1'] = basic_calc('conv’,models[ pool3’],read wb(vggl9 npy path,'convd 1)
models| ‘convd 2'] = basic_calc('conv’,models[ 'convd 1'],read wb(vggl9 npy path, 'convd 2
models| ‘convd 3'] = basic_calc('conv’,models['convd 2'],read wb(vggl9 npy path,'convd 3
models| ‘convd 4'] = basic_calc('conv’,models["convd 3'],read wb(vggl? npy path, 'conv4d 4
models| ‘poold'] = basic_calc('pool’,models['convd 4'])
models| ‘convs 1'] = basic_calc('conv’,models['poold’],read wb(vggl9 npy path,’'conv5 1)
models| ‘convs 2'] = basic_calc('conv’,models['conv5 1'],read wb(vggl9 npy path, 'conv5 2°
models[ "conv5 3'] = basic calc('conv’,models| conv5 2°],read wb(vggl9 npy path, conv5 3
models[ ‘conv5_4'] = basic_calc( conv’ ,models| 'conv5 3'],read wb(vggl9 npy path, 'convs 4
models[ ‘pool5*] = basic _calc('pool’ ,models[ conv5 4°])

return models

)
"))

)
"))

)
))
"))
))

)
))
"))
))




REREELZE

HEREER & T et al.

user math_ops.py I gen_math_ops.py I op_def _library.py ops.py I
tf.abs(x)
| _abs(x) >
apply_op_helper(op_type_name._..) >
| get(op_type_name...] >
> op_info
get_graph_from_inputs(...) 5
_{_gr?aph
create_op(...) 5
<P
< 2P
< op.outputs
< op.outputs
user math_ops.py | | gen_math_ops.py op_def_library.py ops.py I

“ Shitp://novel.ict.ac.cr/aies
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1

2 LE =8, R S5EEENHRIRFESEE

3 mﬂdElS = build vggnet(veggl9 npy path)

4

5 #E L IRE R

B total loss = loss(sess, models,img content,img style)
7 =t

8 optimizer = tf.train.AdamOptimizer(2.8)

E #E L EEIEFETE

18 train_op = optimizer.minimize(total loss)

11 #{EF HEEEE ing randomZE Tl £

12 sess.run{models|[ "input’].assign{img_random))
13 #HREEE

14 saver = tf.train.Saver({manx_to keep = 5)

15 savedir = "model/"

16

17 while step < epochs:

15 step += 1

19 -, loss = sess.run([train_op, total loss])
20 #HREHEL

21

saver. EEUE{EESS savedir + ugglﬁ ckpt™, global step = epoch)

Sy = - =
=2 &-iiﬁqgvynovehctaccgJ«rw (,;;,

- ‘\‘_A 3

-”a&éﬁﬁﬂ <&




INEHREBIA TR

1 with tf.Session() a
models = build

sess.run{models[ "input” ].a
res = sess.run(models|’p




session runfPythonZlC/C+ + API

Python3i5e

user

I session.run(...)

session.py

user

15 C++ E LR EE
Ak Python api

C/C++Xd&

pywrap_tensorflow.py

python_api.cc

tf_session_helper.cc

c_api.cc

ExtendSessionf..

TF_SessionRu

ExtendSessi@n()

I

session.py

HERASH . B et ol

>

|
|
H n_wrappér_helper{...)

>

| .
TF R
: _SessionRun() >

pywrap_tensorflow.py

python_api.cc

tf_session_helper.cc

c_api.cc




C+ +Hf{SessionRuniiits

Bl#2Graph

HSEEMRL (2BMRKT)
bl TR PTEERA (ZHRMTHFERK)

=B

SR EHIRES
AT {

tlEEkernel
B2 BR £ A it

SessionRun

BFEOPH BT L TSR
AT HITHIT W4 ttReadyFAZ

SheduleReady
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Bl TensorFlow PyTorch

150 M Caffe B MXNet

120
'lt 100
ﬁ 80
; 60
40
20
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Star Fork Issue Pull Request

» FITSIESRENR (Star) #. GEEFEL (Fork) . 1918
ML (Issue) #FAUTIDIERIESK (Pull Request) #4
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ERRAZFR FESFHE B IFES X E HERRX HEBTRES
TensorFlow Google Python. C/C++. Linux. MacOS, Graph: 7 B #{; TensorBoard. Pro-
Java. Go. Windows. i10S.  Eager: @722\ filer. TFLite. TF-
JavaScript. R. Android serving. tfdbg. B
Julia. Swift Ji R R
PyTorch Facebook Python. C++ Linux. MacOS. @74z TorchVision. B J5
Windows B LONNX 5
RYAZ i 2
MXNet Amazon Python. C++. Go. Linux. MacOS.  MXNet: Az, mxboard. E /it
Julia. Matlab. R. Windows. 10S. Gluon: @742\ YR
JavaScript. Scala. Android
Perl. Clojure
Caffe B HARY4EY, £ Python.C++.Mat- Linux. MacOS.  AHZ{ B
i Caffe2 lab Windows

HARE S & =R el al
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