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One simple TCP-complementary 
mechanism to solve all problem
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Requirement of MapReduce:

N = 154 ± 558𝜎
[M45 Yahoo! cluster]

Solution:
• DCTCP
• ICTCP
• Reducing RTOmin
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Synchronous packet loss increasing Timeout
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Synchronous packet loss increasing Timeout

Avoid timeout after a large number of  
packet loss is the key to meet the 

reqiuremnt of MapReduce



TCP Unfairness

[Random Drop Congestion Control, SIGCOMM 1990]
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According to the paper,
primary cause of  TCP Outcast and low 

throughput is timeout



TCP Out-of-order

•Multipath routing techniques
• Flow-based Splitting Schemes: ECMP, Hedera, 

VLB
• Ideal Packet-level scheme is better
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Accurately distinguishing between lost or 
out-of-order packets can tackle TCP out-
of-order problem



Long Query Completion Time

• Each of 20 DCTCP flows transfers 50KB (Avg: 8ms)

• 10,000 random instances

• Finding: 1,231 experiments > 15ms

2 Apr 2014 NSDI 2014 19

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fl
o

w
 C

o
m

p
le

ti
o

n
 T

im
e

（
m

s）

Flow Number

15.371 • Suffer many 
retransmission
and waste time 
retransmitting



Long Query Completion Time

• Each of 20 DCTCP flows transfers 50KB (Avg: 8ms)

• 10,000 random instances

• Finding: 1,231 experiments > 15ms

2 Apr 2014 NSDI 2014 20

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fl
o

w
 C

o
m

p
le

ti
o

n
 T

im
e

（
m

s）

Flow Number

15.371 • Suffer many 
retransmission
and waste time 
retransmitting

Retransmission delay imposes a significant 
influence on query completion time



Long Query Completion Time

• Each of 20 DCTCP flows transfers 50KB (Avg: 8ms)

• 10,000 random instances

• Finding: 1,231 experiments > 15ms

2 Apr 2014 NSDI 2014 21

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fl
o

w
 C

o
m

p
le

ti
o

n
 T

im
e

（
m

s）

Flow Number

15.371 • Suffer many 
retransmission
and waste time 
retransmitting

Retransmission delay imposes a significant 
influence on query completion time

Retransmission delay = Retransmission 
Time + Detection Time



Long Query Completion Time

• Each of 20 DCTCP flows transfers 50KB (Avg: 8ms)

• 10,000 random instances

• Finding: 1,231 experiments > 15ms

2 Apr 2014 NSDI 2014 22

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fl
o

w
 C

o
m

p
le

ti
o

n
 T

im
e

（
m

s）

Flow Number

15.371 • Suffer many 
retransmission
and waste time 
retransmitting

Retransmission delay imposes a significant 
influence on query completion time

Retransmission delay = Retransmission 
Time + Detection Time

Reducing detection time  is better way to  
improve query completion time



Our Goal
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Avoid Timeout

Distinguish 
accurately

Reduce Packet Loss 
Detection Time

TCP Incast

TCP Unfairness

TCP Out-of-order

Long Completion Time



Our Solution: CP
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Switch: CP Drop Processing
Receiver: Packet-

loss Feedback 
(PACK)

Sender: Reaction to 
PACK

123456

IF input < 13.1 * output,
Extra Buffer: < 1 packet size

[Average length: 864B, Header: 66B] 



Our Solution: CP
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Switch: CP Drop Processing
Receiver: Packet-

loss Feedback 
(PACK)

Sender: Reaction to 
PACK

•When Receiving the Payload-cut Packet:
• Step1: Parse the payload-cut packet
• Step2: Generate the PACK option

• Swap the left and right edge of block

• Compatible with SACK

• Step3: Send the PACK immediately



Our Solution: CP

•When Receiving the PACK:
• Step1: Which packet is lost

• Parse the PACK option

• Step2: Whether to be retransmitted
• Check the packet status

• Step3: Trigger FRFR and retransmit the 
lost packet 
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Switch: CP Drop Processing
Receiver: Packet-

loss Feedback 
(PACK)

Sender: Reaction to 
PACK



Benefits

Payload-cut Packet + 
PACK

(Maintain Self-clocking)

PACK

(Rapid Precise 

Packet Loss Notification )
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Avoid Timeout

Distinguish 
accurately

Reduce Packet Loss 
Detection Time



Implementation
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2 Apr 2014 NSDI 2014 34

0

100

200

300

400

500

600

700

800

900

1000

1 25 50 75 100 125 150 175 200 225 250

G
o

o
d

p
u

t(
M

b
p

s)

Number of Senders

CP & DCTCPCP

DCTCP(10ms)

TCP(10ms)

DCTCP(200ms)
TCP(200ms
)



Evaluation: TCP Incast

2 Apr 2014 NSDI 2014 35

0

100

200

300

400

500

600

700

800

900

1000

1 25 50 75 100 125 150 175 200 225 250

G
o

o
d

p
u

t(
M

b
p

s)

Number of Senders

CP & DCTCPCP

DCTCP(10ms)

TCP(10ms)

DCTCP(200ms)
TCP(200ms
)

Achieve high throughput
when N is large 



Evaluation: TCP Unfairness
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Low Packet Loss Ratio:
Avoid TCP Outcast

High Packet Loss Ratio:
Ease Low Throughput



Evaluation: TCP Out-of-order Problem
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Solve the TCP Out-of-order 
Problem



Evaluation: Query Completion Time
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DCTCP TCP
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Traffic
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99th 10.2ms5.7ms
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Conclusion
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•CP 
• is a TCP-complementary method
• can solve many TCP performance issue
• is compatible with other TCP protocol in 

DCNs

•Source Code Release
• Linux Patch + NetFPGA implementation
• http://qos.cs.tsinghua.edu.cn/~chengp/CP/index.html

http://qos.cs.tsinghua.edu.cn/~chengp/CP/index.html
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Thank you!


