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A. Data Structure Design Decisions

1. Queue

5. Hash 6. Skip list

7. Trie

Array

Open 

addressing

Closed 

addressing

2. Back-off Policy

Linear Exp. None

1. Atomic Primitive 2. Client-Server synchr. model

2. Stack

B. Pthread Lock Decisions

E. Lock-less Synchronization Decisions

1. Locking Granularity

Coarse Lock-striping Fine

3. Deque

SLL

4. List

8. B-Tree 9. R-Tree

1. Pthread Locks

Pthread-

mutex

Pthread-

spinlock

1. Test-and-Set
primitives

TAS TTAS

2. Pthread RW 

Locks

3. Custom / Platform 
specific lock

C. Test-and-Set Lock Decisions

D. Locking Granularity Decisions

3. Elimination-backoff 
Stack 

Yes No

4. Reference Counting 

Memory Reclamation 
5. Hazard Pointers 

Memory Reclamation 

Yes No Yes No

Yes No

ArraySLL ArrayDLL

ArraySLL NoYes

NoYesNoYesNoYes

NoYes

Yes NoYes No
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D. Locking Granularity Decisions
Enabled if B or C is selected

C. Test-and-Set Lock Decisions: 
Disabled if A5, A6, «, A9 is selected

1. Atomic Primitive

2. Client-Server sync. model

3. Elimination-backoff Stack: 

Enabled if A2 is selected

E. Lock-less Synchronization 
Decisions

A. Data Structure Design 
Decisions: 

only one tree can be selected.

1. Queue

2. Stack

3. Deque

4. List

5. Hash

6. Skip list

7. Trie

4. Reference Counting Mem. Recl.: 

Enabled if E1is selected.

8. B-tree

9. R-tree

1. Locking Granularity: 

A1, A3: disable coarse, lock-striping

A2, A7, A8, A9 disable lock-striping, fine

B. Pthread Lock Decisions

1. Pthread Locks: Disabled if A5, 

A6, «, A9 is selected.

5. Hazard Pointers Mem. Recl.: 

Enabled if E1is selected.

2. Pthread RW Locks: 

Disabled if  one of the A1, A2, A3 is 

selected.

1. Test-and-Set primitives

2. Back-off Policy 

Enabled if C1 is selected

3. Custom / Platform specific lock
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ds_id=1

access_pattern=fifo

num_of_cores=many

sync_primitives_support=pthreads,tas,atomic_cas

ds_id=2

access_pattern=deque

num_of_cores=many

sync_primitives_support=pthreads,tas,atomic_cas

. . .

#include <cdsl_fifo.h>

. . .

#include <cdsl_deque.h>

. . .

/* user must declare a FIFO as follows: */

typedef cdsl_fifo my_queue;

/* exploration script replaces the above declaration with: */

typedef cdsl_fifo_list_lock_based_pthread my_queue;

// typedef cdsl_fifo_list_lock_based_pthread_spinlock my_queue;

// typedef cdsl_fifo_list_lock_based_tas my_queue;

. . .

/* user must declare a deque as follows: */

typedef cdsl_deque my_deque;

/* exploration script replaces the above declaration with: */

typedef cdsl_deque_list_lock_based_pthread my_deque;

// typedef cdsl_deque_list_lock_based_pthread_spinlock my_deque;

// typedef cdsl_deque_list_lock_based_tas my_deque;

. . .

/* user must initialize a FIFO as follows: */

my_queue = cdsl_fifo_init();

/* exploration script may replace user initialization with: */

my_queue = cdsl_fifo_list_lock_based_pthread_init();
// my_queue = cdsl_fifo_list_lock_based_pthread_spinlock_init();

// my_queue = cdsl_fifo_list_lock_based_tas_init();

. . .

/* user must initialize a deque as follows: */

my_deque = cdsl_deque_init();

/* exploration script may replace user initialization with: */

my_deque = cdsl_deque_list_lock_based_pthread_init();
// my_deque = cdsl_deque_list_lock_based_pthread_spinlock_init();

// my_deque = cdsl_deque_list_lock_based_tas_init();

. . .

/* library interface for a queue */

my_queue->push_back(1, my_queue, (void*)data);
data = my_queue->pop_front(1, my_queue);

/* library interface for a deque */

my_deque->push_back(2, my_deque, (void*)data);

my_deque->push_front(2, my_deque, (void*)data);

typedef struct cdsl_queue_list_lock_based_pthread_struct {
cdsl_queue_node *head;

cdsl_queue_node *tail;

void  (*push_back)(int, cdsl_queue_list_lock_based_pthread*, void*);
void* (*pop_front)  (int, cdsl_queue_list_lock_based_pthread*);

cdsl_pthread_lock h_lock;
cdsl_pthread_lock t_lock;

} cdsl_queue_list_lock_based_pthread;

A1-disables-D1(coarse)

A1-disables-D1(ls)

A3-disables-D1(coarse)

A3-disables-D1(ls)

A5-disables-D1(coarse)

A5-disables-D1(coarse)

       . . .
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2.d

Example of 

interdependencies file

Example of 

constraints file

Example of libraries 

data structures

Examples of insertion of library I/F 
in the application

A1 [ SLL, Array]

A2 [SLL, Array]

A3 [DLL, Array]

A4 [SLL, Array]

A5 [open, closed]

A6 [ ]

. . .

Description of the design 

space

FIFO: disable A2... A9

LIFO: disable A1 & A3...A9

Deque: disable A1, A2, A4...A9

... 
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Example of 
implementations graphs

A1(Arr)
A1(Arr) B1 E2 D1

B1

E2
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0
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A1(SLL)
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E2
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0
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0
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0
0
0 0

0
1
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. . .

Traverse all paths from 

root to leaf in all graphs.

Each path is a new 

implementation. 

Implementation Nr: ...
execution time: ...

number of operations: ...

throughput: ...

fairness: ... 

Instantiation of 

implementations
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1. Extend design space

2. Update constraints text file: 

- constraints can prune only 

categories or design trees

3. Update interdependencies 
text file: 

- interdependences can prune any 

category, design tree or leaf

4. Add source code to the library:
- reuse existing library source code  

(e.g. locks, policies)

- make sure that all implementations 

that are not pruned are integrated

- if data structure is added, provide 

initialization functions and define all 

operations that correspond to the 

access pattern as function pointers.

5. Update Database
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vs. power consumption (I.MX 6 Quad)
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Deque benchmark (low contention): throughput 

vs. power consumption (I.MX 6 Quad)
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Database benchmark: throughput vs. power 

consumption (I MX 6 Quad) 
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Dedup: throughput vs. power consumption 

(I MX 6 Quad) 
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Streaming aggregation: Throughput vs. power 

consumption (I MX 6 Quad) 
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vs. power consumption (Myriad) 

2 4 6 8

DQL(2)2

DQL(2)1

DQL(4)1

DQL(4)2

DQL(6)
DQL(8)

Number of 
threads:

m�w�z ����� #DPTD �} �y���v ��������� ��� ,XQH@C�

����} ��� �y��� � y������ ��� ���t��� y��t�}� � KNBJ7A@RDC G@RG S@AKD ��y|�y�t

�}�}��t �} y��|��� ��� y��w������ �����w��� zy����u�� ��� BKHDMS7RDQUDQ �y����

�y�u�}� ������}�� zy��� �y�y����������

my y���}�u��y�y ��� }�y���{v� ��� �}��|���{wy� ��� /@SQHBH@ ADMBGL@QJ �y7

��



500

550

600

650

700

750

800

1 1.2 1.4 1.6 1.8

n
se

c 
p

e
r 

o
p

e
ra

ti
o

n

Watt

Deque benchmark (non-init): throughput vs. 
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Database: throughput vs. power consumption 

(Myriad)
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Patricia: throughput vs. power consumption 
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Dedup: throughput vs. power consumption (Myriad)
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Streaming aggregation: Throughput vs. power 

consumption (Myriad) 
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Energy consumption of Pareto optimal 

implementations (I.MX.6 Quad)
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Performance per watt of Pareto optimal 
implementations (I.MX.6 Quad)
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Energy consumption of Pareto optimal implementations (Myriad)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

D
B

(2
)1

D
B

(2
)2

D
B

(4
)1

D
B

(4
)2

D
B

(6
)1

D
B

(6
)2

D
B

(6
)3

D
B

(8
)1

D
B

(8
)2

P
(2

)1

P
(2

)2

P
(4

)1

P
(4

)2

P
(6

)1

P
(6

)2 P
8

D
D

(2
)1

D
D

(2
)2

D
D

(4
)1

D
D

(4
)2

D
D

(4
)3

D
D

(6
)1

D
D

(6
)2

D
D

(6
)3

D
D

(8
)1

D
D

(8
)2 S
1

S
2

E
n

e
rg

y
 (

J)

Pareto optimal implementations


|�� dy�y�t���� }�u�{}�y� {�y ��� zu�����}� �y�t /@QDSN ������v�}�� ���� ,XQH@C�

Performance per watt of Pareto optimal implementations (Myriad)
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Tuple-based windowing:  
Throughput vs. Memory footprint on Myriad1
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Tuple-based windowing: 
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