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For applications requiring full utilization of the DSP's
performance, tuning for contention avoidanceis critical.
Depending on the application, M1 memory access
contention can contribute heavily to DSP performance
degradation. Tuning an application based on a thorough
understanding of the M 1 memory organization can reduce or
completely eliminate contention-based degradation. In this
paper, M1 contention is shown to cause a 54 percent
performance degradation using a ssmple algorithm, that
represents aworst-case scenario. After tuning, the algorithm
executes with O percent degradation.

1 Determining Contention as a
Problem

To determine whether contention is significantly degrading
SC1400 performance, an eval uation can be done by counting
the M 1 contention occurrence with respect to algorithm
execution time. Using the event port and a timer, the M1
contention occurrence can be counted. A second timer can be
configured to count clock cycles used as a reference to
measure the execution time of the algorithm.
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Determining Contention as a Problem

As shown in Figure 1, both timers should be enabled just before the start of algorithm execution. The
timers should then be disabled and/or the count values read immediately after the algorithm executes.

Algorithm Execution X IDLE X RUN X IDLE X
M1 Contention Count Enable / \

Cycle Count Enable / \

Figure 1. Measuring Contention Occurrence

Based on the counter values at the end of the code execution, the performance degradation due to M1
contention can be calculated as follows:

% Degradation = (M1 Contention Cycles) / (Total Execution Cycles) x 100

Egn. 1

1.1 Event Port Configuration

The event port works closely with the internal timers and debug port (EONCE block) to allow events on
the MSC711x EVNT pins or on-chip events (that is, M1 contention, DMA activity, |-Cache misses, etc.)
to interact with the SC1400 core, DMA controller, and other devices. Event port inputs are combined in a
program to enable a desired action, such as atimer counting, an interrupt, aDMA transfer, or a halt of the
SC1400 core. Figure 2 shows an event multiplexer in the event port configured so that the M 1 contention
input drives the TINO signal, which can be used as atimer count source.

TDM Rx Interrupts —>\ S > Interrupt
] rReEgltor_>R Request
Timer Outputs —>
M1 Contention — =———3p{ gction S >DMA
elect DMA done R Request
I-Cache Miss —>\—> Optional .
Combining | " | OR |- I?wert — REN or reset
Interrupt Signals —> Logic
DMA Signals —> —> EVNT Pins
EVNT Pins ——> ——>» TINx Signals
—2| Aux _)/ —— EONCE Signals
Other Inputs :: Muxes > EVGP
—> Crossbar Priority
Write “1” to EMUX[]] —— S H > Stop Mode Wakeup
Write “0” to EMUX[i] or REN or reset — R

Figure 2. Single Event Mux

Tuning an Application to Prevent M1 Memory Contention, Rev. 0

2 Freescale Semiconductor



Determining Contention as a Problem

The contention signal used by the event port and timer assertsoncefor every two cyclesthat M 1 contention
occurs. Thefollowing register setting achieves the desired event port configuration:

; --- Setup Event Port
; Select ML Contention to drive TINO for the Tiner

MOVELI A ($78014E38), ( EVOUTO)

1.2  Timer Configuration

The performance measurement requires the use of two timers. The IP Bus clock should be selected asthe
timer clock source. When clock cycles and M1 contention cycles are counted, the counter values must be
multiplied by 2 to get the values in terms of SC1400 clock cycles. Timer AO can be used for counting IP
Bus clock cycles, and timer A1 can be used to count M 1 contentions. The following register settings
achieve the desired timer configuration:

; --- Setup Timer AO
; Select "IP Bus Ak" to drive timer clock
MOVELI A ( $C0000000), ( CLKCTRL)
; Use Timer for counting AHB Cl ock Cycles
MOVEW A ($0000), ( TI MERA_TMRO_CNTR)
; Enable Timer AO: |IP Bus Ok Counter
MOVEW A ( $3000), ( TI MERA_TMRO_CTRL)
; --- Setup Timer Al
; Use Timer for counting ML Contention
MOVEW A ($0000), ( TI MERA TMRL_CNTR)
; Enable Tiner Al: ML Contention Counter
MOVEW A ( $7000), ( TI MERA_TMRL_CTRL)
This assembly code excerpt uses the MOVELIA and MOVEWIA macros, which are defined as follows:
MOVEW A nacr o I MM DST ; MM = imedi ate val ue, DST = abs16
nmove.w #?1 MM d6
move. w d6, (?DST)
endm

MOVELI A macr o | MM DST 1V abs32

i medi ate val ue, DST
move. |l #?1 MM d6
move.l d6, (?DST)

endm
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M1 Memory Organization

2 M1 Memory Organization

The 256 kbyte M1 memory consists of four 64 kbyte groups connected in parallel to the XA, XB, P, and
ASM1 buses. Each group consists of two half-groups, each containing four 8 kbyte single-port SRAM
modules and a memory wrapper, as shown in Figure 3. Modules 0-3 reside in half-group A, and modules
47 reside in half group B. The memory structure allows multiple simultaneous accesses issued from the
XA, XB, P, and ASM1 buses to be served without stalls. However, to ensure that stalls are not introduced,
the applications must be tuned to avoid memory contentions. The memory contention rules are provided
in Section 3, “ Contention Rulesand Avoidance.” Each half-group allowstwo simultaneous 64-bit accesses
or asingle 128-hit accessto be served.

Each wrapper has two late-write buffers, one serving XA write accesses and one serving XB write
accesses. The late-write buffers accept datafrom XA and XB during the core access when thereis a
potential contention, and they are flushed to SRAM when there is a free cycle (non-conflicting data read
cycle). Theselate-write buffers reduce contention probability due to their ability to flush to SRAM during
these idle cycles.

32 kbyte Half-Group A 32 kbyte Half-Group B

Module 3: 2k x 32

Module 7: 2k x 32

Module 2: 2k x 32 Module 6: 2k x 32

Module 1: 2k x 32

Module 5: 2k x 32

Module 0: 2k x 32 Module 4: 2k x 32

Wrapper Wrapper

| late-write buffeq |Iate-write buffe|1
A

— e | = ——— —] S [ |

| late-write buffe|1 | late-write buffe|1
A

— o ] ——— — — — e — — -]

,.
I
r
I

128 64 64 64 i 128 64 64 64
Y Y \J Y \J

P XA XB ASM1 P XA XB ASM1

Figure 3. 64 kbyte Group
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M1 Memory Organization

Figure 4 shows the organization of the M1 memory so that there is module interleaving within each
memory group, which decreases the probability of access contention.

OXFFFF_FFFF

Memlvclwy< Module 7, Row 2047: 0OxFFFC - OxFFFF
ap ;
(outside M1)

Module 1, Row 2047: OxFFE4 - OxFFE7
Module 0, Row 2047: OXFFEOQ - OxFFE3

0x0004_0000

\ Module 7, Row 1: 0x003C - Ox003F
T 0x0003_FFFF -
Module 1. Row 1. 0x0024 - 0x0027
Group 3 Module 0, Row 1: 0x0020 - 0x0023
Module 7, Row 0: 0x001C - 0x001F.
i 0x0003_0000 :
0x0002_FFFF Module 1, Row 0: 0x0004 - 0x0007
Module 0. Row 0: 0x0000 - 0x0003
Group 2
M1 l 0x0002_0000
Memory T 0x0001_FFFF
Group 1
l 0x0001_0000
‘[ 0x0000_FFFF
Group 0
i 0x0000_0000

Figure 4. M1 Memory Organization
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Contention Rules and Avoidance

M1 memory uses the SC1400 data (XA, XB) and program (P) addresses to control group, module, and
offset selection, as shown in Figure 5.

31-18 17-16 15-5 4-2 1-0

Upper Bits Group Row Module | Offset

Figure 5. M1 Memory Address Fields

3 Contention Rules and Avoidance

Dueto the M1 memory organization and single-port SRAM modules, memory contention can occur when
more than one access targets the same memory module. Because the late-write buffers decrease the
contention probability of writes, the contention rules are focused on read accesses.
Contention occurs when any one of the following is true:

* (Pread) and [(XA read) or (XB read) or (ASM1)] accesses target the same half-group.

* (ASM1) and [(XA read) or (XB read)] accesses target the same half-group.

* (XA read) and (XB read) accesses target different rows of the same module.

There are similar rules for write accesses but with the following modifications:
1. They are based on the late-write buffer contents for XA and XB write accesses.
2. They apply only for awriteto afull late-write buffer, necessitating a flush to SRAM.
In the M1 memory group organization, the addressing interleaves between all 8 modules in the group
(across both half-groups), as shown in Figure 4.
The memory contention avoidance rules are as follows:
1. Program code should reside in a memory group not accessed by XA, XB, or ASM1.

2. Data accessed by the DMA or FEC through ASM1 should reside in a group not accessed by XA
or XB.

3. Dataaccessed by XA and XB in parallel ideally should reside in separate groups. If thisis not
possible, the data should be offset so that XA and XB do not simultaneously access the same
module.

Tuning an Application to Prevent M1 Memory Contention, Rev. 0
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Application Scenario

4 Application Scenario

A ssmple sum-of-products exampl e algorithm, asfollows, can be implemented using parallel SC1400 data
accesses to illustrate the impact of M1 contention on DSP performance.

Q = X(0)Y(0) + X(1)Y(1) + X(2)Y(2) + ... + X(N)Y(N)

Eqgn. 2

In the exampl e application, buffers X[0:N], Y[O:N], and Z[0:N] arelocated in M1 memory. Buffers X and
Y are accessed by the SC1400 core, and buffer Z is accessed by the DMA controller through ASM1. In
this scenario, program code islocated in DDR memory and served by the I-Cache; therefore, SC1400
program accesses do not contribute to M1 contention.

M1 Memory
X(0->N)
BUFFER_X_START_ADDRESS/ — —
7 Y(0->N) < VALUE_N
BUFFER_Y_START_ADDRESS
/ Z(0->N) <~
BUFFER_Z_START_ADDRESS

Figure 6. Buffer Locations

The exampl e al gorithm can beimplemented on an M SC711x device through the following assembly code,
where the data locations are as shown in Figure 6.
; Sinple Test Algorithm

move.| #$BUFFER_X_START_ADDRESS, r 6

move. | #$BUFFER_Y_START_ADDRESS, r 7

nop

; Parallel XA and XB Data Read Accesses from X(0) and Y(O0)

nmove. | (r6)+,d2 move. |l (r7)+,d3

move. w #$VALUE_N, d1

dosetupl _startl

doenshl dl

nop

skipl's _endl

| oopstartl

_start1l
; Calculate X(i)*Y(i) and Accunul ate
; Parallel XA and XB Data Read Accesses from X(i+1) and Y(i +1)
mac d2, d3, d4 move.l (r6)+,d2 move. |l (r7)+,d3
| oopendl

_endl

Tuning an Application to Prevent M1 Memory Contention, Rev. 0
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Case 1: Non-Optimized Application

5 Case 1: Non-Optimized Application

The application discussed in this section is not optimized because buffers X, Y, and Z are placed in the
same memory group, as shown in Figure 7. Additionally, buffers X and Y are offset by 0x2000, as shown
in Figure 8, resulting in the following parallel accessin the agorithm to cause XA versus XB contention
each time it executes (VALUE_N times).

mac d2,d3,d4 move. | (r6)+,d2 move.l (r7)+,d3

5.1 Configuration

BUFFER X_START ADDRESS

$00016000
$00018000
$0181A000 (sanme as $0001A000 when accessed by SC1400)

BUFFER_Y_START ADDRESS

BUFFER_Z_START_ADDRESS
VALUE_N = $FF
Because buffers, X, Y, and Z, are placed in the same group, M 1 contention results because:
1. [ASM1and (XA or XB)] accesses target the same half-group.
2. XA and XB accesses target different rows of the same module.

M1 Memory
Group 3
Group 2
Group 1
=- Buffer Z
BUFFER_Z_START_ADDRESS — |
p= Buffer Y
BUFFER_Y_START_ADDRESS //Y Buffer X
BUFFER_X_START_ADDRESS
Group 0

Figure 7. Case 1 Buffer Placement
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Case 1: Non-Optimized Application

Figure 8 shows the start locations for each buffer in M 1. Notice that the start |ocationsfor all three buffers
arein different rows of module 0. Asthe algorithm executes, the SC1400 pointers into buffers X and Y
increment at the same rate, so the parallel read accessesin the algorithm always target different rows of
the same module, causing contention.

M1 Group 1

0x1A000
(BUFF_Z_START_ADDRESS)

> | Module 0, Row 1280: 0x1A000—0x1A003

0x18000
(BUFF_Y_START_ADDRESS)

>| Module 0, Row 1024: 0x18000-0x18003

0x16000
(BUFF_X_START_ADDRESS) —>| Module 0, Row 768: 0x16000-0x16003

Module 1, Row 0: 0x10004—0x10007
Module 0, Row 0: 0x10000—0x10003

Figure 8. Case 1 Buffer Offsets

5.2 Results

The algorithm running with performance measurements applied yields the following results:
» Application execution cycles = 287 IP bus cycles = 574 core clock cycles
* M1 contention cycles = 2 x 155 = 310
* Percent degradation = ( 310 / 574 ) x 100 = 54%

Figure 9 and Figure 10 show internal MSC711x signals and buses, including clocks, and SC1400 XA and
XB databuses, ASM1 data bus, freeze signals, and countersin timers AO and A1. The algorithm execution
is based on cycle-accurate M SC711x hardware simulation. In Figure 9 the CORE_FREEZE signal,
indicating a SC1400 stall, asserts sporadically throughout the a gorithm execution (between the markers).
The stallsaredue to M 1 contentions, indicated by assertion of theM1 FREEZE signal. The M1 contention
signal used by the event port is similar to the M1 _FREEZE signal, but it asserts once for every two M1
contentions, necessitating multiplication by two.

Tuning an Application to Prevent M1 Memory Contention, Rev. 0
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Case 1: Non-Optimized Application

CORE_CLE
IP_EUS_CLE

XA ADDRESS[31:0]
XA _FD
XA READ DATA[63:0]

¥B_ADDRESS[31:0]
¥B_RD
HE_READ DATA[E3:0]

EIiIIIIIIIIlIIlI'I'IIIIlIIll'IIIIIIIIlI'IIIIIIIIIIIIIIIIIIIIIIIIIIIII*iIII
O

45M1 ANOR[31:0]

ASM1 RO E

ASM1 READ DATA[63:0]
FREEZE

|
T T Y o T e e e o Yo o o o Y e Y e T e e e e T

[ | ) ) | | N | | ) | | ) ) | | N | ) S ) | | ) | | N ) | ) | | ) |
1

M1 FREEZE

TIMER &0 (total cycled
COUNTER[16:0]
COUNTER_ENABLED

TIMER &1 ({(contention)
COUNTER[16:0]
COUNTER_ENABLED

Figure 9. Case 1 Application Execution

Figure 10 shows the completion of the algorithm execution at the second marker.

FEEEEZE

M1 FREEZE
TIMER &0 ftotal cycle)
COUNTEE [16:0] 254 | 2 [ 280 [ 200 | 291 2a2
COUNTEE _ENABLED
TIMEE &1 (contention)
COUNTER [16:0]
COUNTEE _EWNAELED

1c0f 161 V152 | 153 1 154 )

Figure 10. Case 1 Application Execution Completion
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Case 2: Partially-Optimized Application

6 Case 2: Partially-Optimized Application

The application discussed in this section is partially optimized because buffer Z is placed into a different
memory group than buffers X and Y, as shown in Figure 11. Additionally, buffers X and Y are offset from
each other by 0x2000, as shown in Figure 12. As aresult, the following parallel accessin the algorithm
causes XA versus XB contention:

mac d2,d3,d4 move. | (r6)+,d2 move.l (r7)+,d3

6.1 Configuration

BUFFER X_START ADDRESS

$00016000
$00018000
$01826000 (sanme as $00026000 when accessed by SC1400)

BUFFER_Y_START ADDRESS

BUFFER Z_START ADDRESS
VALUE N = $FF

Because buffer Z is placed into group 2, M1 contention dueto [ASM1 and (XA or XB)] accessestargeting
the same half-group is prevented. Since buffers X and Y are till located in the same group, M1 contention
results because XA and XB accesses different rows of the same module.

M1 Memory
Group 3
Group 2
BUFFER_Z START ADDRESS — ™1 Bufforz
Group 1
/7 Buffer Y
BUFFER_Y_START ADDRESS B Bufer X
BUFFER_X_START ADDRESS —
Group 0

Figure 11. Case 2 Buffer Placement
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Case 2: Partially-Optimized Application

Figure 12 shows the start locations for buffers X and Y in group 1. Note that the start locations arein the
same module. Asthe algorithm executes, the SC1400 pointersinto buffers X and Y increment at the same
rate so that the parallel read accessesin the algorithm always target the same modules causing contention.

M1 Group 1

0x18000
(BUFF_Y_START_ADDRESS)

> Module 0, Row 1024: 0x18000 - 0x18003

0x16000
(BUFF_X_START_ADDRESS)

> Module 0, Row 768: 0x16000 - 0x16003

Module 1, Row 0: 0x10004 - 0x10007
Module 0, Row 0: 0x10000 - 0x10003

Figure 12. Case 2 Buffer Offsets

6.2 Results

The algorithm run with performance measurements applied yielded the following results:

» Application execution cycles = 260 IP bus cycles = 520 core clock cycles

* M1 contention cycles = 2 x 128 = 256

* Percent degradation = ( 256 / 520 ) x 100 = 49%
Figure 13 and Figure 14 show the algorithm execution on the design based on MSC711x hardware
smulation. In Figure 13 the CORE_FREEZE signal, indicating a SC1400 stall, asserts sporadically

throughout the algorithm execution (between the markers). The stalls are due to M 1 contentions, indicated
by assertion of the M1_FREEZE signal.

Tuning an Application to Prevent M1 Memory Contention, Rev. 0
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CORE_CLE
IP_EUS CLK

ASM1 READ DATH|
FREEZE

M1l FREEZE
TIMER &0 (tota ]
COUNTEE [16:0]
COUNTER_ENABLED

TIMER &l {contention)
COUNTEER[16:0]
COUNTER_ENWABLED

Case 2: Partially-Optimized Application

Figur 13. Case 2 Application Execution

II':ll'f‘I'I'Il'II'I'l'lI'II':I'I'I'I'I'Il'Ill:I'II'H'I'II'Hl'lH'I:lII'H'Il'III'l'lili:lII'II'Il'IH:I'IlI'IH'llil'lHl:lHHll'IHl'liH:lHlHl'lﬂlil:#HHlHl'l
LA AU AL A UL LT

| ST | S | S S| S| S S| S S| | S ) S| S S| S| S| | N | S | S| | N | S | S | | | -

Figure 14 shows the completion of the algorithm execution at the second marker.

FREEZE

M1 FREEZE

TIMER &0 (total « 1

COUNTEE [16:0]
COUNTER_ENABLED

TIMER &l {contention)
COUNTEER[16:0]
COUNTER_ENWABLED

Figure 14. Case 2 Application Execution Completion
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Case 3: Optimized Application

7 Case 3: Optimized Application

The application discussed in this section is optimized because buffer Z is placed in a different memory
group from buffers X and Y, as shown in Figure 14. Additionally, buffers X and Y are offset from each
other by 0x200C, as shown in Figure 15. Asaresult, inthe following parallel accessin the algorithm does
not cause XA versus XB contention:

mac d2,d3,d4 move. | (r6)+,d2 move.l (r7)+,d3

7.1 Configuration

BUFFER X_START ADDRESS

$00016000
BUFFER_Y_START ADDRESS

$0001800C

BUFFER_Z_START_ADDRESS = $01826000 (sanme as $00026000 when accessed by SC1400)

VALUE_N = $FF
Because buffer Z is placed into group 2, M1 contention dueto [ASM1 and (XA or XB)] accessestargeting
the same half-group is prevented. As an alternative to the buffer X and Y offset of 0x200C, buffers X and

Y can be placed into separate groups, preventing M1 contention. In this example algorithm, it is not
necessary to locate buffers X and Y in separate groups to eliminate XA versus X B contention.

M1 Memory
Group 3
Group 2
BUFFER_Z_START_ADDRESS — |~ Buffer Z
Group 1
/, Buffer Y
BUFFER_Y_START_ADDRESS B S
BUFFER_X_START_ADDRESS /
Group 0

Figure 15. Case 3 Buffer Placement
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Case 3: Optimized Application

Figure 15 shows the start locations for buffers X and Y in group 1. Note that the start locations are in
different modules. As the algorithm executes, the SC1400 pointers into buffers X and Y increment at the
same rate so that the parallel read accesses in the algorithm always target different modules, preventing
contention.

M1 Group 1

0x1800C
(BUFF_Y_START_ADDRESS)

—>{ Module 3, Row 1024: 0x1800C - 0x1800F

0x16000
(BUFF_X_START_ADDRESS)

> Module 0, Row 768: 0x16000 - 0x16003

Module 1, Row 0: 0x10004 - 0x10007
Module 0, Row 0: 0x10000 - 0x10003

Figure 16. Case 3 Buffer Offsets

7.2 Results

The algorithm running with performance measurements applied yields the following results:

» Application execution cycles = 132 IP bus cycles = 264 core clock cycles

* M1 contention cycles= 0

* Percent degradation = ( 0/ 264 ) x 100 = 0%
Figure 16 and Figure 17 show the algorithm execution on the design based on aMSC711x hardware
simulation. In Figure 16, the CORE_FREEZE signal, indicating a SC1400 stall, does not assert throughout

the algorithm execution (between the markers). Also, note that there are no M1 contentions, which are
indicated when the M1_FREEZE signal stays deasserted.
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Case 3: Optimized Application

CORE_CLE q
IP_EUS_CLK ' NEERRRRRRRERUEER

XA ANDRESS [31:0]
X RD
XA READ DATA[63:0]

HE _AODRESS[31:0]

¥E READ DATA[ES:0]

_|II1IIIIIIII'IIIIIIIII'IIIIIIIII1IIIIIIII1IIIIIIII'IIIIIIIII'IIIIIIIII'IIIIIIIII1IIIIIIII'IIIIIIIII'IIIIIIIII1IIIIIIII'IIIIIIIII'IIIIIIIIHIIIIIIIﬂIlIIIII'IIIIIIII

*1ILRE LI UTE IO O T L O DO DO CEE O e
LN LN LT L TR N NN LN TR LN LA NN TN TN

|
* II:I"" |I t"' i i i i ._. S R S I L L E -' I'-l"' |

I_II_II_II_II_II_I

ASM1 AODE[31:0]

ASM1 RD _E

ASM1 FREAD DATA[63:0]
FREEZE

M1 FREEZE

TIMER &0 (total cycle)
COUNTER[16:0]
COUNTEER _ENABLED

TIMER &1 {contention)
COUNTER[16:0]
COUNTER. ENABLED

Figure 17. Case 3 Application Execution

Figure 18 shows the completion of the algorithm execution at the second marker.

FREEZE

Ml_FREER !
TIMER &0 (total cycle) |

EDUHTEE[lb:_ TIE8 129 7130 [13T J132 7133 1134 135 V136 137 |

|
L

COUNTEER_ENABLED

TIMEE &l (contention)
COUNTER[16:0]
COUNTEER_ENABLED

Figure 18. Case 3 Application Execution Completion
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Conclusions

8 Conclusions

The results from the three application cases shown in Table 1 demonstrate the effect of the optimizations.
Moving the buffer accessed by the DMA controller (buffer Z) into group 2, which was not accessed by XA
or XB, decreased the performance degradation by 5 percent, as shown in case 2 with respect to case 1. By
optimizing the buffer placement for buffers operated on by the XA and XB buses (buffers X and Y),
performance degradation decreased by an additional 49 percent, as shown in case 3 with respect to case 2.
This 49 percent improvement was the result of eliminating M1 contention.

Table 1. Application Case Results

Application
Case ASM1 vs. [).(A’XB] XA vs. ).(B Execution Cycles M . % Degradation
Contention Contention Contentions
(Core Clk Cycles)
1: Non-Optimized Yes Yes 574 310 54
2: Partially Optimized No Yes 520 256 49
3: Optimized No No 264 0 0

In more complicated algorithms, the same percent of improvement may not be achieved by changing the
offset of the buffers operated on by XA and XB. For these cases, the buffers should be placed into separate
groups to prevent M1 contention. The need for such a change can be determined by measuring the M1
contentions, asdescribed in Section 1, “ Determining Contention asaProblem.” Alternatively, degradation
due to XA versus XB contention can be estimated by reviewing the SC1400 parallel accessesin the
assembly code to determine whether contention results.

In all three cases, program codeislocated in DDR memory and served by the I-Cache; therefore, SC1400
program accesses do not contribute to M1 contention. If you need to place a program into M1 memory,
place it into a group not being accessed by the XA, XB, or ASM1 buses.

Tuning an Application to Prevent M1 Memory Contention, Rev. 0
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