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5 CHAPTER 1. EMAX2ASIC/ZYNQ SOFTWARE

Chapter 1

EMAX?2asic/ZYNQ Software

1.1 Basic function

The basic function of a minimal component of EMAX2 is shown in Figure 1.1. At the first stage, the
values stored in six input registers are read and transferred to second level intermediate registers dedicated
to each fixed portion of EX1 (ALU) or EAG (Effective Address Generator) through four internal data
bus (IXB). At the second stage, one of the registers at the same portion group is selected among neighbor
components and transferred to third level intermediate registers through 6 external data bus (ETB). The
main role of second and third level registers is to transfer any input registers in neighbor components to
any portion of EX1 or EAG across different components. Two stage pipelining is employed to reduce the
impact on frequency caused by the delay of long wires and many selectors connecting the components.

At the third stage, EX1 (3-in ALU) and EAG (2-in adder) produce the results and write into fourth
level intermediate registers dedicated to each of EX1 and EAG. At the fourth stage, EX2 (2-in ALU) gets
the result of EX1, produces final result and writes into final (fifth) level dedicated register. In the same
way, when a load instruction is allocated to the component, local memory module (LMM) produces the
load data and writes into final level dedicated register.

Each of final level registers can select the input from dedicated EX2/LMM or dedicated FIFO. Each
FIFO is filled with the data supplied from some neighbor LMM through an external data bus (EMB).
When tri-state buffer between EMB is cut off, each component can use EMB independently, so that each
LMM can supply the data to EX2_FIFO in the same component. When tri-state buffer between EMB
is opened, neighbor FIFOs can share the output of some neighbor LMM connected to the EMB. The
main usage of FIFOs is executing some kind of "load (I-12); load (I-8); load (I-4); load (I)"
instructions in the same row.

The combination of EX1 and EX2 is suitable for multimedia or floating-point add/multiply opera-
tions. Moreover, the combination of EX1, EAG and LMM can directly execute some kind of "store

(A+B+C)->(base+offset) " instructions.

1.2 Basic structure

Many minimal components are connected to form EMAX2 as shown in Figure 1.2. For the pipelined
execution, the third level registers in the first components (colored with black) are merged into the first
level registers in the second components (colored with red). Also the outputs of final level registers
in the first components are connected to IDB and EDB in the second components and to IXB in the
third components (colored with green). In the same way, the outputs of final level registers in the final
components (colored with purple) are connected to IDB and EDB in the first components and to IXB in

the second components. Consequently, EMAX2 has a vertical ring network of ALUs and LMMs.
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1.2. BASIC STRUCTURE 6

However, it is difficult to design the hardware of EMAX2 from the view of the function, because
several components in different levels are mixed in the same physical area as shown in Figure 1.2. For
alleviating this complexity, ”unit” which is a folded form of function is introduced as shown in Figure 1.3.
From the view of unit, each unit has single lane of intermediate registers and single lane of final registers.
All data is supplied from the final registers in the previous units and EX1, EX2, EAG and LMM finally
store the results into the final registers. The whole structure of EMAX2 based on unit is shown in Figure
1.4.

Above array structure is specially designed for executing a loop with no dependency between different
iterations. After each of the registers and the instructions for a loop are mapped on each unit, EMAX2
can execute all instruction in a loop simultaneously and can produce the result of each iteration every

cycle.
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7 CHAPTER 1. EMAX2ASIC/ZYNQ SOFTWARE

IXB
(Internal bus)

LAPP:-MUX# 13in*15 EMAX:MUX# 5in*24 |51
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Figure.1.1: EMAX2 basic function.

1st stage

2nd stage

3rd stage

4th stage

Figure.1.2: Interconnection of functions.
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1.2. BASIC STRUCTURE 8

1st stage
2nd stage
3rd stage

1st stage | 3rd stage

v v
ntermediate registers

A A

2nd stage | 4th stage
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Final registers
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Figure.1.4: Interconnection of units.
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9 CHAPTER 1. EMAX2ASIC/ZYNQ SOFTWARE

1.3 Programming model

Application programs should be written according to the interface provided by ARM application
binary interface (ABI). “bl emax2_start” is a trigger to invoke EMAX2asic from ARM. The first ar-
gument (r0) and the second argument (rl) correspond to starting and last address of EMAX2 codes
respectively. Notice that the prefix of EMAX2asic/ZYNQ instruction is “//EMAX4A” that has different
format from EMAX2/intel (specified in proj-emax/doc/emax2/emax2.pdf). The address space referred
by EMAX2asic should be inside the physical memory space (0x3fffffff-0x20000000) where virtual address
is not mapped by OS as shown in 2.2.

- N

.text

.align 2

.globl template

.type template,’function

template:
stmfd sp!, {r4, r5, r6, r7, r8, r9, r10, fp, 1lr}
sub sp, sp, #20
1ldr r0O, .emax_loc_start_template
ldr rl, .emax_loc_end_template
bl emax2_start // start EMAX2asic
mov r0, #0
add sp, sp, #20
ldmfd  sp!, {r4, r5, r6, r7, r8, r9, ri0, fp, 1lr}
bx 1r
.emax_loc_start_template: .word .emax_start_template
.emax_loc_end_template: .word .emax_end_template
.data
.p2align 4

//EMAX4A start .emax_start_template:
//EMAX4A ctl map_dist=1

//EMAX4A @0,0 while (320) & 1d (ri+=,4),r9 rgil.labelO:,] 1mf[.label2:,0,320]
//EMAX4A @1,0 & st r9,(ri+=,4) rgil.labell:,] 1lmw[.label3:,0,320]
//EMAX4A end .emax_end_template:
- )

1.4 Instruction format

The instruction format for each unit is shown in Figure 1.5. “start”, “ct]” and “end” are common def-
inition to all included instructions. “map-_dist” specifies row-distance from previous instruction mapping
(should be used to effectively reuse LMMs which are not affected by therow-distance). The execution
count (number of cycles) the units should work is specified by “while” statement. Case 1 includes both
of ALU operation and memory operation. Case 2 includes only ALU operation and case 3 includes only
memory operation. The header specifies the target unit to be initialized. ALU_OP specifies each opera-
tion of EX1 (3-in ALU) and EX2 (2-in ALU and 2-in shifter are cascaded), register numbers and some
sort of attributes. Initial values of the registers can be specified by RGI. MEM_OP also specifies the
load/store operation and the register numbers. In the same way as ALU, initial values of the registers
can be specified by RGI. LMM_CONTROL specifies how to transmit data between main memory and
LMM.
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1.4. INSTRUCTION FORMAT 10

start .enax_start_grapes:

ctl map dist=1

whi | e (320)
Gase 1: @owH#, col # ALU QP rgi [l abel X , | abel Y:]
CGase 22 @ow#, col# ALU (P rgi [l abel X , | abel Y: ]
Gase 3:  @ow, col # & MBM QP rgi[l abel X ,1abel Y:] LM GINTROL

end . enax_end_gr apes:

& MBMICP rgi [l abel X, | abel Y:] LMV GONTROL

T T T T
rowtcol # EX1 B2 ST| U| | |[fhl:2X:5| | [fhl:2 Yr:5|fhl:2 Zr:5 ‘ ‘ DvDu5 Gv| |initX inity
di st opcd | opcd P| N N v \Y \ \Y init-val init-val
count | ,oped| D| | | simi3 | imb | ‘ of X of Yr/i nm
32 1 6 3 3 1 1 7 1 7 7 14 6 7 32 32
32bi t 64bi t 64bi t
MEM Ul I | X:5] | |sufixx3 ¥:5|thru:1 zZr:5 initX initY \ len di st prefetch
opcd | P| N N init-val init-val
D| | | of X of Yr/inm t op_addr
10 1 1 5 1 8 6 32 32 3 20 9 32
32bi t 64bi t 32bi t 32bi t
' N

struct insn { /* EMAX2 instruction format */
struct header {

Uint v 1; /* insn on */
Uint insn_row 6; /* max 64 *x/
Uint insn_col : 3; /* max 8 x/
Uint insn_dist 6; /* max 64 *x/
Uint count : 16; /* max 65536 */

} header;

struct alu {
Uint exl_use_regZ : 1;
Uint exl_op : 6; /* 0:ex2_op use regX others:ex2_op use (-) */
Uint ex2_op : 3;

Uint sft_op : 3;

Uint upd : 1

Uint Xini 1; /* O:noinit 1:ri */

Uint Xfhl 2; /* 1:SUFLO 2:SUFHI 3:ri/SUFFL */
Uint Xr : 5;

Uint Yini : 1; /* O:noinit 1:ri/imm */

Uint Yfhl 2; /* O:imm 1:SUFLO 2:SUFHI 3:ri/SUFFL */
Uint Yr 5;

Uint Zfhl 2; /* 1:SUFLO 2:SUFHI 3:SUFFL */
Uint Zr HINH

Uint simmS_v: 1; /% O:simmS is not used */

Uint simmS : 13;
Uint immT_v : 1; /* O:immT is not used */
Uint immT 5
Uint Dw_v : 1; /* 0:Dr is not used */
Uint Dw : 5
Uint Cw_v 1
Uint initX;
Uint initY;
} alu;
struct mem {
Uint op
Uint upd
Uint Xini
Uint Xr
Uint Yini
Uint Ysuffix:
Uint Yr :
Uint Zthru
Uint Zr
Uint initX;
Uint initY;
} mem;
struct ctl {
Uint v : 3; /* O:nop, 1:LMR, 2:LMW, 3:LMX, 5:LMF(force read), 6:LMT, 7:LMD %/
Uint len : 20;
Uint dist : 9;
Uint pre_top;
} ctl;
} insn[INSN_DEPTH] [INSN_WIDTH]; /* 10words/unit */

- %

; /* 0:CC is not used */

e
.- O

~N
*
o

:noinit 1:ri */

:noinit 1:ri/imm */
:imm 1:SUFLO 2:SUFHI 3:SUFFL 4:SUFBO 5:SUFB1 6:SUFB2 7:SUFB3 */

NN
* *
o o

~
*

for EX1->store O:none 1:thru */

g= 01w O

Figure.1.5: Instruction format for each unit.
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11 CHAPTER 1. EMAX2ASIC/ZYNQ SOFTWARE

1.4.1 ALU_OP

type-1. BEXL (X, Yr/im32) BXQ (-, Zr) [SFT immd], Dw Gwv
type-2: BEXL (X, Yr/im32) BC (-, sinmi3d) [SFT Zr], DwGwn
type-3: BEXL (X, Yr/im32) BC (-, sinm3) [SFT immd], Dw Gwv
type-4: BEXL (X, Yr/imm32) BXR2 (-) ST zr], DwGwn
type-5: BEXL (X, Yr/im32) BEXQ2 (-) SFT imm®%], Dw Gv
type-6: BEXL (X, W/imm82, zZr) | BR2 (-, sinm3) [SFT immd], Dw Gv
type-7: BEXL (X, Yr/imm82, Zr) | BR (-) SFT immd], Dw Gv
type-8: B2 (X, W/imm82) [SFT zr], DwGw
type-9: B2 (X, Y/imm82) [SFT inmb], Dw Gwv
type-a: BER (X) ST zr], Dw Gv
type-b: B2 (X) SFT i), Dw Gy
type-c: BEXL (X, Yr/imm32) , Dwv Gn

type-d: BEXL (X, Yr/imm82, Zr), Dw Gw

type-e: EXL (X, Yr/imm32)

type-f: BEXL (X, WW/imm82, Zr)

Figure.1.6: Format of ALU operations.

The format of ALU operations is shown in Figure 1.6. EX1, EX2 and SFT are mnemonic such as

“_»

add/sub/and. Xr, Yr and Zr are register numbers (r0-r31) of source operands.
EX1 is used as the first operand of EX2. Imm32, simm13 and imm5 are 32bit immediate, 13bit signed

means the output of

immediate and 5bit unsigned immediate values respectively. The combination of “—expr”, “~expr”,

“(expr<<expr)” and “(expr>>expr)” are also allowed. “|”

EX2. In the case that only SF'T operation is required, use "or (Xr, 0) SFT Zr/imm5" (type-8 and 9).

Dw and Cw are register numbers (r0-15 and c0) of destination registers. If Dw is omitted, no register

indicates following mnemonic is assigned to

is updated (type-e and f). This instruction format is used to pass the result of EX1 to the input of a store
operation (one of memory operations). In the same way, if Cw is omitted, no condition code register is
updated. Condition code register (only c0 is available) has 4bit information (Negative, Zero, oVerflow
and Carry) and is updated only by add or sub instruction.
In the case that a floating-point or load operation is specified in EX1, no EX2/SFT operation can be
specified. EX1, EX2 and SFT operations are listed in Table 1.1, Table 1.2 and Table 1.3 respectively.
Table 1.1, Table 1.2 and Table 1.3 describe all instructions available on EMAX2/intel. EMAX2asic/ZYNQ

has limited instructions marked with ’ %’.
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1.4. INSTRUCTION FORMAT

12

Table.1.1: EX1 operations (¥ is available on EMAX2asic).

32bit operations

% add
add3
sub
sub3

(Xr[+=], Yr/imm32)
(Xr[+=], Yr/imm32, Zr)
(Xr[+=], Yr/imm32)
(Xr[+=], Yr/imm32, Zr)

Xr+Yr or Xr+imm32 ()
Xr+Yr+Zr or Xr+imm32+Zr (*)
Xr-Yr or Xr-imm32 (%)

Xr-Yr-Zr or Xr-imm32-Zr ()

16bit[2] operations

mauh
mauh3
msuh
msuh3

(Xr.{fhl}, Yr.{fnl})

Xr.{fhl}, Yr.{fhl}, Zr.{fhl})

(
(Xr.{fhl}, Yr.{fhl})
(

Xr.{fhl}, Yr.{fhl}, Zr.{fhl})

16bit[2] Xr+Yr ()
16bit[2] Xr+Yr+2Zr (1)
16bit[2] Xr-Yr (1)
16bit[2] Xr-Yr-Zr ()

Misc operations

mluh
mmrg3
msad
minl
minl3
mh2bw
mcas
mmid3
mmax
mmaxa3
mmin
mmin3

(Xr.{thl}, Yr.{thl})
(Xr, Yr, Zr)
(Xr, Yr)

r, Yr)

10bit[2]*9bit = 16bit[2]

merge Xr.byte3 | Yr.byte2 | Zr.bytel | 0
sum-of-absolute-difference 8bit[4] = 16bit[2]

select Xr or Yr based on min(Xr.L16bit,Yr.L16bit)

merge min(Zr.H16bit,Zr.L16bit) and Xr.H16bit or Yr.H16bit
merge sat(Xr.H16bit),sat(Xr.L16bit),sat(Yr.H16bit),sat(Yr.L16bit) ()
(Xr<Yr) 7 0 : Oxff

bytewise compare and collect middle value

bytewise compare and collect maximum value

bytewise compare and collect maximum value

bytewise compare and collect minimum value

bytewise compare and collect minimum value

load signed byte from EX2_FIFO
load unsigned byte from EX2_FIFO
load signed half from EX2_FIFO
load unsigned half from EX2_FIFO
load word from EX2_FIFO

1db (Xr[+=], Yr/imm32)
ldub (Xr[+=], Yr/imm32)
1dh (Xr[+=], Yr/imm32)
lduh (Xr[+=], Yr/imm32)

* Id (Xr[+=], Yr/imm32)

Floating-point operations

*  fmul (Xr, Yr)

* fma3 Xr, Yr, Zr)

*  fadd Xr, Yr)

floating-point multiply
floating-point multiply and add
floating-point add

+= ... Get source from previous result of EX1 after first cycle. rgi[ ] should also be specified.
. f:fullword h:byte3,byte2 = H16bit,LL16bit l:bytel,byte0 = H16bit,LL16bit
. Saturate 16bit = 8bit.

Table.1.2: EX2 operations (% is available on EMAX2asic).

32bit operations

and
or
xor

(-/Xr, Zr/simm13/Yr/imm32)
(-/Xr, Zr/simm13/Yr/imm32)
(-/Xr, Zr/simm13/Yr/imm32)

Xr and Zr/simm13/Yr/imm32
Xr or Zr/simm13/Yr/imm32
Xr xor Zr/simm13/Yr/imm32

Y.Nakashima Proprietary & Confidential

16bit[2] operations

(-/Xr)
(-/Xr)

sumh
suml

H16bit+L16bit = H16bit
H16bit+L16bit = L16bit

Table.1.3: SFT operations (% is available on EMAX2asic).

Shift operations

<< Zr /immb
>> Zr /immb
> M  Zr/immb
>A  Zr/immb
> B Zr/imm5
>C  Zr/immb
>D  Zr/immb

logical shift to left

logical shift to right

logical shift high/low 16bit to right

arithmetic shift to right (original bit31 is sign extended)
arithmetic shift to right (original bit23 is sign extended)
arithmetic shift to right (original bit15 is sign extended)
arithmetic shift to right (original bit07 is sign extended)
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1.4.2 MEM_OP

Table.1.4: Memory operations (% is available on EMAX2asic).

Load from LMM or LMM_FIFO

1db (Xr[+=], Yr.suffix/imm32), Dw | load signed byte from LMM or LMM_FIFO (x)(7)
ldub  (Xr[+=], Yr.suffix/imm32), Dw | load unsigned byte from LMM or LMM_FIFO (x)(7)
1dh (Xr[+=], Yr.suffix/imm32), Dw | load signed half from LMM or LMM_FIFO (x)()
lduh  (Xr[+=], Yr.suffix/imm32), Dw | load unsigned half from LMM or LMM_FIFO (x)(})
* Id (Xr[+=], Yr.suffix/imm32), Dw | load word from LMM or LMM_FIFO (x)(})
Store to LMM
stb  -/Zr, (Xr[+=], Yr.suffix/imm32) | store byte to LMM (x)(})
sth -/Zr, (Xr[+=], Yr.suffix/imm32) | store half to LMM (x)(f)
* st -/Zr, (Xr[+=], Yr.suffix/imm32) | store word to LMM (x)(f)
cst -/Zr, (Xr[+=], Yr.suffix/imm32) | if (c0.Z==1) store word to LMM (x)(})

(¥) += ... Get source from previous result of EAG after first cycle. rgi[ ] should also be specified.
(f) suffix ... f:fullword h:H16bit 1:L16bit 3:byte3 2:byte2 1:bytel 0:byte0

Memory operations are listed in Table 1.4. Table 1.4 describes all instructions available on EMAX2 /intel.
EMAX2asic/ZYNQ has limited instructions marked with * %

1.4.3 RGI

Each of ALU.OP and MEM_OP has dedicated rgi[labelX:, labelY:] section for initializing Xr and
Yr. RGI is just used for inserting labels at the location of initX and initY in each instruction, so that
ARM can identify the location where some initial value should be set before the instructions are sent to
EMAX2. Then, labelX and labelY should be unique name among the program. Notice that even when
same constant values should be set to several places, each location should have different label each other.

In the case of register with an initial value, no register number is required because there is no register
dependency between such type of register and previous instructions. For saving the register numbers, “ri”
can be used instead of “r0-31”. Typical usage of “ri” is "1d (ri+=,4),r0 rgilarray_A_minus_4:,]"
for sequential load starting at address array_A. Notice that “the address of array_A minus 4” should be
stored at label “array A _minus 4:” because the first result of EAG is “ri4+4”

1.4.4 LMM_CONTROL

LMM_CONTROL specifies the type, start address of LMM, distance, start address of main memory
and length for transmitting data between main memory and LMM. The format of LMM_CONTROL
depends on the type field which should be one of “lmr”, “lmw” , “lmx” or “lmf” (Imp and lmd are

reserved for future extention).

lmr [ label:, dist, length ]
This format is used for reading data from main memory to LMM. “label:” corresponds to the start
address of an array in LMM. “dist” expresses the distance between elements of array by 4<<dist.
In the case of normal array with single words, dist should be 0. “length” is the number of words to
prefetch.
lmw [ label:, dist, length ]
This format is used for writing data from LMM to main memory after array execution completes.
Imx [ label:, dist, length |
This format is used when the LMM should execute both of reading and writing.
Imf [ label:, dist, length |
This format is the same as “Imr” except the data in LMM is never reused, so that to read the latest

value of the same location again.
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lmp [ label:, dist, length |
This format is used for overlapping array execution and prefetching (reserved for future extension:
macro-pipelining).

lmd [ label:, dist, length |
This format is used to write back (drain) LMM to main memory (reserved for future extension:

macro-pipelining).

For correct and effective control of FIFO, it is important to carefully combine a base register number

(Xr) of load operation, rgi specification and lmr /lmf.

@2,0 1d (r12,0),r0 & 1d (r12+=,4),r31 rgi[A_minus_4:,] 1mr[A:,0,320]

02,1 & 14 (r12, 4),r1
02,2 & 1d (r12, 8),r2
02,3 & 14 (r12, 12),r3

In the case of above instructions, unit@2,1, unit@2,2, unit@2,3 have no Imr specification. The load
instruction without lmr is scheduled to get data from neighbor LMM through EMB and FIFO. The
appropriate source LMM is determined only by the base register number (r12). In this case, the memory
operation in unit@2,0 should be "1d (r12+=,4)", because "1d (ri+=,4)" gives no information about
connecting LMM and FIFOs. However, r12 in "1d (r12+=,4)" with rgi specification does not mean the
value of previous r12. It just works as a marker to show the LMM is a source for FIFOs of neighbor
units using the same base register r12. Note that the value of the base register r12 in the load instruction

without rgi specification is supplied from previous r12 (different from the value of r12in "1d (r12+=,4)").

1.4.5 Hints for sophisticated use of hardware

Following is an example of image processing. The EAG part of each load and the destination register
of each sad are omitted to focus on the register dependency between load and sad. In this case, each result
of load instructions in @2,X is referred by sad at different column in @5,X. EMAX2 tries to route the
dependency using several ETBs in @4,X. However, the routing is failed because each ETB is dedicated
to the same portion to simplify the switching network and only a path can be used to route the second
operand of sad (Yr). If "sad (r1,r26)" is changed to "sad (r26,r1)", other ETB in @4,X is used and

the routing is successfully completed.

02,3 1d->r28 & 1d ->r27 ©2,2 1d ->r26 ©2,1 1d ->r25 ©2,0 1d ->r24
@3,3 1d ->r3 @3,2 1d ->r2 @3,1 1d ->r1 @3,0 1d ->r0
04,3 sad (r3,r27) 04,2 sad (r2,r26) 4,1 sad (r1,r25) @4,0 sad (r0,r24)
@5,3 sad (r3,r28) 05,2 sad (r2,r27) 5,1 sad (r1,r26) @5,0 sad (r0,r25)

However, following is more sophisticated scheduling. This example swaps @2.X and @3.X, @4.X and

@5.X respectively. This means cross-column dependency should be put into adjacent row to save ETB

resource.
Q2,3 1ld ->r3 02,2 1d ->r2 02,1 1d ->r1 @2,0 1d ->r0
@3,3 1d->r28 & 1d ->r27 @3,2 1d ->r26 @3,1 1d ->r25 @3,0 1d ->r24
04,3 sad (r3,r28) 04,2 sad (r2,r27) @4,1 sad (r1,r26) @4,0 sad (r0,r25)
@5,3 sad (r3,r27) 5,2 sad (r2,r26) 5,1 sad (r1,r25) @5,0 sad (r0,r24)
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4 N

struct conf { /* final information for EMAX2 hardware */
/* struct ixbc: select any portion in the same unit */

Uint ixbcO_sel_r : 4; /* 0:off 1:ex2.pl 2:ex2.p2 3:ex2.p3 4:mem.pl 5:mem.p2 6:mem.p3 8:ex2.d 9:mem.d *
Uint ixbcl_sel_r : 4; /* O:off 1l:ex2.pl 2:ex2.p2 3:ex2.p3 4:mem.pl 5:mem.p2 6:mem.p3 8:ex2.d 9:mem.d ¥
Uint ixbc2_sel_r : 4; /* 0:off 1:ex2.pl 2:ex2.p2 3:ex2.p3 4:mem.pl 5:mem.p2 6:mem.p3 8:ex2.d 9:mem.d *
Uint ixbc3_sel_r : 4; /* O:off 1l:ex2.pl 2:ex2.p2 3:ex2.p3 4:mem.pl 5:mem.p2 6:mem.p3 8:ex2.d 9:mem.d ¥
/* struct ixcc: select any portion in the same unit */
Uint ixccO_sel_r : 4; /x O:off 7:prev_mem.pc 10:prev_ex2.c */
/* struct idbc: dedicated to prev_ex2.d and prev_mem.d */
Uint idbcO_sel_r : 1; /* O:off 1l:on */
Uint idbcl_sel_r : 1; /* O:off 1l:on */
/* struct idcc: dedicated to prev_ex2.d and prev_mem.d */
Uint idccO_sel_r : 1; /* O:off 1:on */
/* struct edbc: select dst portion among neighbor units */
Uint edbcO_sel_r : 4; /* O:off 8:prev_ex2.d 9:prev_mem.d */
Uint edbcO_dir_r : 2; /* O:off 1:to-left 2:to-right 3:inhibited */
Uint _dmyO 33
Uint edbci_sel_r : 4; /x O:off 8:prev_ex2.d 9:prev_mem.d */
Uint edbcl_dir_r : 2; /* O:off 1:to-left 2:to-right 3:inhibited */
/* struct edcc: select dst portion among neighbor units */
Uint edccO_sel_r : 4; /* O:off 10:prev_ex2.c */
Uint edccO_dir_r : 2; /* 0:off 1l:to-left 2:to-right 3:inhibited */
Uint exlc_sl_r 3; /* btol selector O:prev_pl 1:self_loop 2:idb0O 3:idbl 4:edbO 5:edbl */
Uint exlc_si_fhl 2; /* 1:SUFLO 2:SUFHI 3:ri/SUFFL */
Uint exlc_s2_r : 3; /* btol selector O:prev_p2 2:idb0 3:idbl 4:edb0 5:edbl */
Uint exlc_s2_fhl : 2; /* O:imm 1:SUFLO 2:SUFHI 3:ri/SUFFL */
Uint exlc_s3_r : 3; /* btol selector O:prev_p3 2:idb0 3:idbl 4:edb0 5:edbl */
Uint exlc_s3_fhl 2; /* 1:SUFLO 2:SUFHI 3:ri/SUFFL */
Uint exlc_urZ_r 1; /* opcd-extension */
Uint _dmyl 4;
/* struct exlc */
Uint exlc_op_r 6; /* exl_opcd */
Uint exlc_pxl_r 2; /*x O:off 2:82 */
Uint exlc_px2_r 2; /* 0:off 3:s3 */
Uint exlc_xl_r : 3; /* btol selector O:prev_p[p] 4:ixb0O 5:ixbl 6:ixb2 7:ixb3 */
Uint exlc_x2_r 3; /% btol selector O:prev_plp] 4:ixb0 5:ixbl 6:ixb2 7:ixb3 */
Uint exlc_x3_r 3; /% btol selector O:prev_plp] 4:ixb0 5:ixbl 6:ixb2 7:ixb3 */
/* struct ex2c */
Uint ex2c_simmS_r:13;
Uint ex2c_immT_r 5;
Uint ex2c_si_r 3; /% 0:d_r(ex1) 4:dx1_r(exl) 5:dx2_r(exl) 6:simmS_r 7:immT_r */
Uint ex2c_s2_r 3; /* 0:d_r(ex1) 4:dx1_r(exl) 5:dx2_r(exl) 6:simmS_r 7:immT_r */
Uint ex2c_s3_r 3; /% 0:d_r(ex1) 4:dx1_r(exl) 5:dx2_r(exl) 6:simmS_r 7:immT_r */
Uint ex2c_op_r 3; /* ex2_opcd */
Uint ex2c_sft_r : 3; /* sft_opcd */
Uint ex2c_dsel_r 1; /* ex2-selector 0:ex2 direct 1:fifo */
Uint ex2c_xl_r 2; /* ex2-output-selector 0O:fixed_for_constant 1:tl_direct 2:from etb[] */
Uint ex2c_x2_r 2; /* ex2-output-selector O:fixed_for_constant 1:t2_direct 2:from etb[] */
Uint ex2c_x3_r 2; /* ex2-output-selector 0O:fixed_for_constant 1:t3_direct 2:from etb[] */
Uint _dmy3 5;
- v

Figure.1.7: Lower level configuration data (1/2).

1.5 Application binary interface

1.5.1 Configuration data

The binary data of the instructions is not directly sent to each unit. Each unit requires lower level
information representing input signals for all selectors and tri-state buffers as shown in Figure 1.7 and
Figure 1.8, so that no complicated instruction decoder is required on each unit. Such binary translation

from the instructions to the configuration data will be performed by EMAX2asic compiler (conv-a2b).
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16

/* struct eagc */

Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint

Uint
Uint

eagc_sl_r
eagc_s2_r

33
: 35

eagc_s2_suffix:3;

eagc_s3_r
eagc_sc_r
eagc_op_r
eagc_x1_r
eagc_x2_r
_dmy4

eagc_x3_r
eagc_xc_Tr

33
3.

o -~

10:

= W =W w

/* struct lmmc */

Uint
Uint
Uint
Uint
Uint
Uint
Uint

Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint

Uint
Uint
Uint
Uint

Immc_ssel_r
lmmc_dsel_r
lmmc_x1_r
Immc_x2_r
Immc_x3_r
lmmc_xc_r
Immc_pc_r

embcO_sel_r
embcO_dir_r
etbcO_sel_r
etbcO_dir_r
etbcl_sel_r
etbcl_dir_r
etbc2_sel_r
etbc2_dir_r
_dmyb

etbc3_sel_r
etbc3_dir_r
etbcd_sel_r
etbc4_dir_r

/* struct etbc:

Uint
Uint

etbcb_sel_r
etbcb_dir_r

/* struct etcc:

Uint
Uint
Uint

Uint
Uint
Uint
Uint
Uint

} conf [UNIT_DEPTH] [U

.

etccO_sel_r
etccO_dir_r
_dmy6
vl

v2
dist
count
_dmy7

i

1
1
2
2.
2
2

>

: 4

1;
;

>

2
1
2
1
2.
1
2
2

>

select
1;
2;

select
1;
2;
20;

/* Btol selector
/* 5tol selector
/* 0:imm 1:SUFLO
/* 5tol selector
/* 3tol selector

O O N OO

/* mem_opcd */

/* 5tol selector O:
/* 5tol selector O:

/* 5tol selector O:

/* 2tol selector 0O

:prev_pl 1:self_loop 2:idb0O 3:idbl 4:edbO 5:edbl */
:prev_p2 2:1db0 3:idbl 4:edb0 5:edbl */
:SUFHI 3:SUFFL 4:SUFBO 5:SUFB1 6:SUFB2 7:SUFB3 */

:prev_p3 2:1db0 3:idbl 4:edbO 5:edbl */
:prev_c 2:idc0O 4:edcO */

prev_pl[p] 4:ixb0 5:ixbl 6:ixb2 7:ixb3 */
prev_plp]l 4:ixb0 5:ixbl 6:ixb2 7:ixb3 */

prev_plp]l 4:ixb0 5:ixbl 6:ixb2 7:ixb3 */
:prev_plp] 1:ixcO */

/* lmem-selector */

/* lmm-selector O:lmm direct 1:fifo */

/* mem-output-selector O:fixed_for_constant 1:tl_direct 2:from etb[]
/* mem-output-selector O:fixed_for_constant 1:t2_direct 2:from etb[]
/* mem-output-selector O:fixed_for_constant 1:t3_direct 2:from etb[]

/* mem-output-selector

1:tc_direct 2:from etc[]

/* mem output(data) */
/* struct embc: select memory portion among neighbor units */

/* 0:
/*
/*

0
0
0
/* 0:
0
0
0

o o

/* 0:
same
/* 0:
/* 0:
same
/* 0:
/* 0:

off

:off
:off
:off

off

:off
:off
:off

:off
:off
:off

off

1:1mem */

1:to-left 2:to-right  3:inhibited */
1:¢[1-3] */

1:to-left 2:to-right  3:inhibited */
1:t[1-3] =*/

1:to-left 2:to-right  3:inhibited */
1:t[1-3] */

1:to-left 2:to-right  3:inhibited */
1:t[1-3] =/

1:to-left 2:to-right  3:inhibited */
1:¢[1-3] */

1:to-left 2:to-right  3:inhibited */

portion among neighbor units */
off 1:t[1-3] */

off 1:to-left
portion among neighbor units */
off 1l:c */
off 1:to-left

2:to-right  3:inhibited */

2:to-right  3:inhibited */

1; /* unit 1/2 (exl/eag) on */
1; /* unit 2/2 (ex2/1mm) on */
6; /* unit_map distance */

: 16;
: 8

I
NIT_WIDTH]; /* 221bit(8words)/unit */

*/
*/
*/
*/
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Figure.1.8: Lower level configuration data (2/2).
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1.5.2 Initial values of registers

4 N

struct regv { /* final information for EMAX2 hardware */
struct ex2v {
/* inputs are connected to exl.d*_r */
Uint pl_r : 32; /* ex2 output(prop) */
Uint p2_r : 32; /* ex2 output(prop) */
} ex2v; /* 64bit */

struct lmmv {
Uint pl_r : 32; /* mem output(prop) */
Uint p2_r : 32; /* mem output(prop) */
} 1mmv; /* 64bit */
} regv[UNIT_DEPTH] [UNIT_WIDTH]; /* 128bit(4words)/unit */

. v

Figure.1.9: Initial Values of Registers.

Unlike the configuration data, the initial values of registers should be transmited to EMAX2 every
time before starting execution. The initial values of registers shown in Figure 1.9 are calculated by
EMAX2asic compiler and transmitted to EMAX2asic with other source data.

1.5.3 LMM information

a I

struct lmmi {
struct e2ctl {
Uint v : 3; /* O:nop, 1:LMR, 2:LMW, 3:LMX, 5:LMF(force read) */
Uint len : 20;
Uint dist : 9;
Uint top;
} e2ctl; /* 2words */

struct ddr3_tlb { /* DDR3 address translation (aligned by DDR3_MINALIGN) */
Uint v ¢ 2; /* O:nop, 1:LMR, 2:LMW, 3:LMX */
Uint msksft: 4;
Uint base : 12; /* ddr3 = (ddr3_base*DDR3_MINALIGN) | (intel_addr& ( (DDR3_MINALIGN<<ddr3_msksft)-1)) */
Uint skip : 1; /* O:fsm.v read DDR3, 1:fsm.v skip DDR3 */
Uint base_offset : 1; /* for macro-pipelining 0:regv=6000,1lmmi=a000 1:regv=8000,1lmmi=c000 */

/* See proj-arm32/sample/stencil-pipe/emax2.c and
proj-emax/fpga/step4008-GP6X-fpu/RTL/pe0/fsm.v */

Uint _dmyl : 12;
Uint _dmy2 : 32;

} ddr3_tlb; /* 2word */

} 1lmmi[UNIT_DEPTH] [UNIT_WIDTH]; /* 128bit(4words)/unit */

. v

Figure.1.10: LMM Information.

Unlike the configuration data, LMM information should be transmited to EMAX2 every time before
starting execution. LMM information shown in Figure 1.10 are calculated by EMAX2asic compiler and
transmitted to EMAX2asic with other source data.
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1.6 Example

1.6.1 Grapes kernel

18

/

void grapes( b, a, c )
float *b, *a, *c;
{
int i
float t0, ti;

for (i=0; i<WD; i++)
*(c+i) = *(b+HT*WD

* (b+HT*WD

* (b+HT*WD

* (b+HT*WD

* (b+HT*WD

*(b

*(b

*(b

*(b

*(b

*(b

*(b

*(b

*(b

*(b-HT*WD

*(b-HT*WD

*(b-HT*WD

*(b-HT*WD

* (b-HT*WD

B A A A

.

{

+WD  +i)
+1+i)
+i)
-1+i)
-WD +i)
+WD+1+1)
+WD  +i)
+WD-1+i)
+1+i)
+1)
-1+i)
~WD+1+i)
-WD +i)
-WD-1+i)
+WD  +i)
+1+1)
+i)
-1+i)
WD +i)

R

* (a+DP*HT*WD*9+HT*WD
* (a+DP*HT*WD*8+HT*WD
* (a+DP*HT*WD*7+HT*WD
* (a+DP*HT*WD*6+HT*WD
* (a+DP*HT*WD*5+HT*WD
* (a+DP*HT*WD*4
* (a+DP*HT*WD*3
* (a+DP*HT*WD*2
* (a+DP*HT*WD*1

* (a-DP*HT*WD*1
* (a-DP*HT*WD*2
* (a-DP*HT*WD*3
* (a-DP*HT*WD*4
* (a-DP*HT*WD*5-HT*WD
* (a-DP*HT*WD*6-HT*WD
* (a-DP*HT*WD*7-HT*WD
* (a-DP*HT*WD*8-HT*WD
* (a-DP*HT*WD*9-HT*WD

+WD  +i)
+1+i)
+1)
-1+i)
-WD +i)
+WD+1+1)
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-

.text

.align 2

.global
.type
/* void
stmfd
sub
add
1ldr
add
1ldr
add
1ldr
add
ldr
add
ldr
add
ldr
add
ldr
add
ldr
add
ldr
add
ldr
add
ldr
add
ldr
add
add
ldr
add
ldr
add
ldr
add
ldr
add
1ldr
add
1ldr
add
ldr
add
ldr
add
ldr
add
ldr
add
1ldr
add
1ldr
add
ldr
add
ldr
add
1ldr
add
1ldr
add
1ldr
add
ldr
add
ldr
add
ldr
add
1ldr
add
1ldr
add
ldr
add
ldr
add
ldr
add
1ldr
add
1ldr
add
1ldr
add
ldr
add
ldr
add
1ldr
add
1ldr
add
1ldr
add
ldr
add
ldr
add
ldr
add
1ldr
add
1ldr
1ldr
1ldr
bl
mov
bx

grapes:

grapes
grapes, %function
grapes( b, a, ¢ ) float *b, ¥a, *c; */

sp!, {r4, r5, r6, r7, r8, r9, r10, fp, lr}

sp, sp, #20

10, r0, #-409600;add r0, r0, #-4

r3, .emax_loc_rgi_pO____grapes; str

r0, r0, #4;add r0, r0, #-1280

r3, .emax_loc_lmrla_PREV_BO_grapes; str

r0, r0, #1280

r3, .emax_loc_lmrla_CURR_BO_grapes; str

r0, 0, #1280

r3, .emax_loc_lmrla_NEXT_BO_grapes; str

10, 10, #-1280;add r0, r0, #409600;add r0,

r3, .emax_loc_rgi_pl____grapes; str

10, 10, #4;add 10, r0, #-1280

r3, .emax_loc_lmrla_PREV_B1_grapes; str

r0, r0, #1280

r3, .emax_loc_lmrla_CURR_B1_grapes; str

r0, r0, #1280

r3, .emax_loc_lmrla_NEXT_B1_grapes; str

r0, r0, #-1280;add r0, r0, #409600;add r0,

r3, .emax_loc_rgi_p2____grapes; str

10, 10, #4;add 10, r0, #-1280

r3, .emax_loc_lmrla_PREV_B2_grapes; str

10, 0, #1280

r3, .emax_loc_lmrla_CURR_B2_grapes; str

r0, r0, #1280

r3, .emax_loc_lmrla_NEXT_B2_grapes; str

rl, rl, #-8192000;add ri, r1l, #-8192000;add
rl, rl, #-8192000;add ri, ril, #-8192000;add
r3, .emax_loc_lmrla_AO_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_AO_grapes; str

r1, r1, #4;add r1, r1, #8192000;add rl, ril,
r3, .emax_loc_lmrla_Al_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_Al_grapes; str

r1, r1, #4;add r1, ri, #8192000;2dd ri, ri,
r3, .emax_loc_lmrla_A2_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A2_grapes; str

rl, rl, #4jadd r1, r1, #8192000;add ri, ri,
r3, .emax_loc_lmrla_A3_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A3_grapes; str

r1, r1, #4;add r1, r1, #8192000;add ri1, ril,
r3, .emax_loc_lmrla_A4_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A4_grapes; str

r1, r1, #4;add r1, ri, #8192000;2dd rl, ri,
r3, .emax_loc_lmrla_A5_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A5_grapes; str

r1, r1, #4;add r1, r1, #8192000;add rl, ril,
r3, .emax_loc_lmrla_A6_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A6_grapes; str

r1, r1, #4;add r1, r1, #8192000;add ri,
r3, .emax_loc_lmrla_A7_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A7_grapes; str

rl, rl, #4jadd r1, r1, #8192000;add ri, ri,
r3, .emax_loc_lmrla_A8_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A8_grapes; str

r1, r1, #4;add r1, r1, #8192000;add rl, ril,
r3, .emax_loc_lmrla_A10_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A10_grapes; str

r1, r1, #4;add r1, ri, #8192000;2dd rl, ri,
r3, .emax_loc_lmrla_All_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_All_grapes; str

rl, rl, #4jadd r1, r1, #8192000;add ri, ri,
r3, .emax_loc_lmrla_A12_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A12_grapes; str

r1, r1, #4;add r1, r1, #8192000;add ri1, ril,
r3, .emax_loc_lmrla_A13_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A13_grapes; str

rl, rl, #4jadd r1, r1, #8192000;add ri, ri,
r3, .emax_loc_lmrla_Al4_grapes; str

rl, r1, #-4

r3, .emax_loc_rgi_Al4_grapes; str

r1, r1, #4;add r1, r1, #8192000;add rl, ril,
r3, .emax_loc_lmrla_A15_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A15_grapes; str

r1, 1, #4;add rl, r1, #8192000;add ri,
r3, .emax_loc_lmrla_A16_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A16_grapes; str

rl, rl, #4jadd r1, r1, #8192000;add ri, ri,
r3, .emax_loc_lmrla_A17_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A17_grapes; str

r1, r1, #4;add r1, rl, #8192000;add rl, ril,
r3, .emax_loc_lmrla_A18_grapes; str

ri, r1, #-4

r3, .emax_loc_rgi_A18_grapes; str

rl, rl, #4

r3, .emax_loc_lmwla_store_grapes; str

12, 12, #-4

r3, .emax_loc_rgi_store_grapes; str

10, .emax_loc_start_grapes

r1, .emax_loc_end_grapes

emax2_start
r0, #0;add sp, sp, #20;ldmfd sp!, {r4, r5, r6, r7, r8, r9, ri0, fp, 1lr}

1r

r0, [r3]
r0, [r3]
r0, [r3]
10, [r3]
r0, #-4
10, [r3]
10, [r3]
r0, [r3]
r0, [r3]
10, #-4
10, [r3]
10, [r3]
10, [r3]
r0, [r3]

~

ril, ri, #-8192000;add r1, ri, #-8192000;add ri, ri, #-8192000

r1, ri,
r1, [x3]
1, [r3]
#1280;add r1, rl, #-4
1, [r3]
1, [r3]
#4
r1, [x3]
ri, [x3]
#4
1, [r3]
1, [r3]
#1280;add r1, rl, #-4
1, [r3]
r1, [x3]
#409600;add rl, rl, #-2560;add rl, rl, #-4
r1, [r3]
ri, [x3]
#4
1, [r3]
1, [r3]
r1, #4
r1, [x3]
r1, [x3]
#1280;add r1, rl, #-8
r1, [x3]
1, [r3]
#4;add 11, r1, #8192000;add rl, r1, #4
1, [r3]
1, [r3]
#1280;add r1, rl, #-8
r1, [r3]
r1, [x3]
#4
1, [r3]
1, [r3]
#4
1, [r3]
ri, [x3]
#409600;add rl, rl, #-2560;add rl, rl, #-4
r1, [r3]
r1, [x3]
#1280;add r1, rl, #-4
1, [r3]
1, [r3]
r1, #4
r1, [r3]
ri, [x3]
#4
r1, [r3]
1, [r3]
#1280;add r1, rl, #-4
1, [r3]
1, [r3]
r2, [r3]
r2, [r3]

#-8192000;add r1, ri, #-8192000;add ri1, ri, #-409600;add ri, ri, #-1280
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-

.emax_loc_start_grapes
.emax_loc_rgi_p0O____grapes

.emax_loc_lmrla_PREV_BO_grapes:

.emax_loc_rgi_AO_grapes:
.emax_loc_lmrla_AO_grapes:

.emax_loc_lmrla_CURR_BO_grapes

.emax_loc_rgi_Al_grapes
.emax_loc_lmrla_Al_grapes
.emax_loc_rgi_A2_grapes
.emax_loc_lmrla_A2_grapes

.emax_loc_lmrla_NEXT_BO_grapes:

.emax_loc_rgi_A3_grapes
.emax_loc_lmrla_A3_grapes
.emax_loc_rgi_A4_grapes
.emax_loc_lmrla_Ad_grapes
.emax_loc_rgi_pl____grapes
.emax_loc_rgi_A5_grapes
.emax_loc_lurla_A5_grapes
.emax_loc_rgi_A6_grapes
.emax_loc_lurla_A6_grapes

.emax_loc_lmrla_PREV_B1_grapes

.emax_loc_rgi_A7_grapes:
.emax_loc_lmrla_A7_grapes:
.emax_loc_rgi_A8_grapes:
.emax_loc_lmrla_A8_grapes:

.emax_loc_lmrla_CURR_B1_grapes

.emax_loc_rgi_A10_grapes
.emax_loc_lurla_A10_grapes
.emax_loc_rgi_A11l_grapes
.emax_loc_lurla_All_grapes

.emax_loc_lmrla_NEXT_B1_grapes

.emax_loc_rgi_A12_grapes
.emax_loc_lmrla_A12_grapes
.emax_loc_rgi_A13_grapes
.emax_loc_lmrla_A13_grapes
.emax_loc_rgi_p2____grapes
.emax_loc_rgi_A14_grapes
.emax_loc_lmrla_A14_grapes

.emax_loc_lmrla_PREV_B2_grapes

.emax_loc_rgi_A15_grapes
.emax_loc_lurla_A15_grapes
.emax_loc_rgi_A16_grapes
.emax_loc_lmrla_A16_grapes:

.emax_loc_lmrla_CURR_B2_grapes

.emax_loc_rgi_A17_grapes
.emax_loc_lmrla_A17_grapes
.emax_loc_rgi_A18_grapes
.emax_loc_lurla_A18_grapes

.emax_loc_lmrla_NEXT_B2_grapes

.emax_loc_rgi_store_grapes
.emax_loc_lmwla_store_grapes

.word
.word
.word
.word
.word
.word
.word
.word
.word

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

.emax_loc_end_grapes:

.data

.p2align 4
//EMAX4A start .emax_start_grapes:
//EMAX4A ctl map_dist=1

rgil.emax_rgi_pO_

rgil.emax_rgi_pl____grapes:,]

rgil.emax_rgi_p2____grapes:,]

//EMAX4A @0,0 while (320)

//EMAX4A ©0,1 add (ri+=,4),r9
//EMAX4A ©1,0

//EMAX4A 1,1

//EMAX4A 01,2

//EMAX4A ©2,0

//EMAX4A @2,1

//EMAX4A @2,2 fmul (r20,r0),r30
//EMAX4A @2,3

//EMAX4A @3,0

//EMAX4A @3,1

//EMAX4A @3,2 fma3 (r21,r1,r30),r30
//EMAX4A @3,3 fmul (r22,r2),r31
//EMAX4A ©4,0 add (ri+=,4),r9
//EMAX4A ©4,2 fma3 (r23,r3,r30),r30
//EMAX4A 04,3 fma3 (r24,r4,r31),r31
//EMAX4A ©5,0

//EMAX4A @5,1

//EMAX4A @5,2

//EMAX4A 5,3

//EMAX4A @6,0

//EMAX4A @6,1

//EMAX4A @6,2 fma3 (r25,r5,r30),r30
//EMAX4A 06,3 fma3 (r26,r6,r31),r31
//EMAX4A Q7,0

//EMAX4A Q7,1

//EMAX4A @7,2 fma3 (r27,r7,r30),r30
//EMAX4A @7,3 fma3 (r28,r8,r31),r31
//EMAX4A @8,1 fadd (r29,r30),r30
//EMAX4A @8,2 fma3 (r20,r10,r31),r31
//EMAX4A 08,3 add (ri+=,4),r9
//EMAX4A @9,1 fma3 (r21,r11,r30),r30
//EMAX4A @9,2 fma3 (r23,r13,r31),r31
//EMAX4A ©9,3

//EMAX4A ©10,0

//EMAX4A ©10,1 fma3 (r22,r12,r30),r30
//EMAX4A ©10,2 fma3 (r24,r14,r31),r31
//EMAX4A ©10,3

//EMAX4A @11,0 fma3 (r25,r15,r31),r31
//EMAX4A @11,1

//EMAX4A @11,2

//EMAX4A @11,3

//EMAX4A €12,0 fma3 (r27,r17,r31),r31
//EMAX4A @12,3 fma3 (r26,r16,r30),r30
//EMAX4A ©13,2 fadd (r30,r31),r31
//EMAX4A ©13,3 fmul (r28,r18),r19
//EMAX4A ©14,2 fadd (r31,r19),r19
//EMAX4A 015,2

//EMAX4A end .emax_end_grapes:

.emax_start_grapes
.emax_rgi_p0____grapes
.emax_lmrla_PREV_BO_grapes
.emax_rgi_AO_grapes
.emax_lmrla_AO_grapes
.emax_lmrla_CURR_BO_grapes
.emax_rgi_Al_grapes
.emax_lmrla_Al_grapes
.emax_rgi_A2_grapes
.emax_lmrla_A2_grapes
.emax_lmrla_NEXT_BO_grapes
.emax_rgi_A3_grapes
.emax_lmrla_A3_grapes
.emax_rgi_A4_grapes
.emax_lmrla_A4_grapes
.emax_rgi_pi
.emax_rgi_A5_grapes
.emax_lmrla_A5_grapes
.emax_rgi_A6_grapes
.emax_lmrla_A6_grapes
.emax_lmrla_PREV_B1_grapes
.emax_rgi_A7_grapes
.emax_lmrla_A7_grapes
.emax_rgi_A8_grapes
.emax_lmrla_A8_grapes
.emax_lmrla_CURR_B1_grapes
.emax_rgi_A10_grapes
.emax_lmrla_A10_grapes
.emax_rgi_A1ll_grapes
.emax_lmrla_A1l_grapes
.emax_lmrla_NEXT_B1i_grapes
.emax_rgi_A12_grapes
.emax_lmrla_A12_grapes
.emax_rgi_A13_grapes
.emax_lmrla_A13_grapes
.emax_rgi_p2____grapes
.emax_rgi_A14_grapes
.emax_lmrla_A14_grapes
.emax_lmrla_PREV_B2_grapes
.emax_rgi_A15_grapes
.emax_lmrla_A15_grapes
.emax_rgi_A16_grapes
.emax_lmrla_A16_grapes
.emax_lmrla_CURR_B2_grapes
.emax_rgi_A17_grapes
.emax_lmrla_A17_grapes
.emax_rgi_A18_grapes
.emax_lmrla_A18_grapes
.emax_lmrla_NEXT_B2_grapes
.emax_rgi_store_grapes
.emax_lmwla_store_grapes
.emax_end_grapes

_grapes

1d (r9,-4),r21

1d (r9,-1284),r25

1d (x9,-4),r28

1d (r9,1276),r21

1d (r9,-4),r25

1
1
1d
1
1d

[

o

1
1d

a

1
1

[

1
1
1d
1d

[

1d
1
1
1d
1d
1d
1d
1d
1
1
1

[

oo

s

o

(r9,-1276) ,r19
(r9,-1280) ,120
(ri+=,4),r0
(r9,4),r23
(r9,0),122
,4),r1
,4),r2
(r9,1284),r19
(r9,1280) ,r24

(r9,4),r20

(x9,0),129
i+=,4),r10

,4),r11

(r9,1284) ,123
(r9,1280) ,r22
(ri+=,4),r12
(ri+=,4),r13
(ri+=,4),r14
(r9,-1276) ,r19
(r9,-1280) ,r24
(ri+=,4),r15
(ri+=,4),r16
(x9,4) ,127
(x9,0),126
(ri+=,4),r17
(ri+=,4),r18
(r9,1284),119
(r9,1280),r28
19, (ri+=,4)

lmr[.

rgil.
lmr[.

rgil.
rgil.
nr[.

rgil.
rgil.

rgil.
rgil.
Imr[.

rgil.
rgil.
Inr[.

rgil.
rgil.
e[

rgil.
rgil.

rgil.
nrl.

rgil.
rgil.
Imr[.

rgil.

rgil.
Imr[.

rgil.

emax_lmrla_PREV_BO_grapes: ,0,320]
emax_rgi_AO_grapes:,]  lmr[.emax_lmrla_AO_grapes:,0,320]
emax_lurla_CURR_BO_grapes: ,0,320]
emax_rgi_Al_grapes:,]  lmr[.emax_lmrla_Al_grapes:,0,320]
emax_rgi_A2_grapes:,]  lmr[.emax_lmrla_A2_grapes:,0,320]
emax_lmrla_NEXT_BO_grapes: ,0,320]
emax_rgi_A3_grapes:,]  lmr[.emax_lmrla_A3_grapes:,0,320]
emax_rgi_A4_grapes:,]  lmr[.emax_lmrla_A4_grapes:,0,320]
emax_rgi_A5_grapes:,]  lmr[.emax_lmrla_A5_grapes:,0,320]
emax_rgi_A6_grapes:,]  lmr[.emax_lmrla_A6_grapes:,0,320]
emax_lurla_PREV_B1_grapes:,0,320]
emax_rgi_A7_grapes:,]  lmr[.emax_lmrla_A7_grapes:,0,320]
emax_rgi_A8_grapes:,]  lmr[.emax_lmrla_A8_grapes:,0,320]

emax_lmrla_CURR_B1_grapes:,0,320]
emax_rgi_A10_grapes:,]  lmr[.emax_lmrla_A10_grapes:,0,320]
emax_rgi_A11_grapes:,]  lmr[.emax_lmrla_A11l_grapes:,0,320]
emax_lmrla_NEXT_B1_grapes:,0,320]
emax_rgi_A12_grapes:,]  lmr[.emax_lmrla_A12_grapes:,0,320]
emax_rgi_A13_grapes:,]  lmr[.emax_lmrla_A13_grapes:,0,320]
emax_rgi_A14_grapes:,]  lmr[.emax_lmrla_A14_grapes:,0,320]
emax_lmrla_PREV_B2_grapes: ,0,320]
emax_rgi_A15_grapes:,]  lmr[.emax_lmrla_A15_grapes:,0,320]
emax_rgi_A16_grapes:,]  lmr[.emax_lmrla_A16_grapes:,0,320]
emax_lmrla_CURR_B2_grapes: ,0,320]
emax_rgi_A17_grapes:,]  lmr[.emax_lmrla_A17_grapes:,0,320]
emax_rgi_A18_grapes:,]  lmr[.emax_lmrla_A18_grapes:,0,320]

emax_lmrla_NEXT_B2_grapes:,0,320]

emax_rgi_store_grapes:,] lmw[.emax_lmwla_store_grapes:,0,320]
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1.6.2 Jacobi kernel

CHAPTER 1. EMAX2ASIC/ZYNQ SOFTWARE

-

void jacobi( B, C )
float *B, *C;

2
.35

for (x=0; x<WD;

*(C+x) = C2 * (*(B-HT*WD+x) + *(B-WD+x) + *(B-1+x) + *(B+1+x) + *(B+WD+x) + *(B+HT*WD+x))

+ C1 * *x(B+x);

x++) {

}
}
N
.text
.align 2
.global jacobi
.type  jacobi,%function
Jjacobi:
/* void jacobi( B, C ) float *B, *C; */
stmfd  sp!, {r4, r5, r6, r7, r8, r9, r10, fp, 1r}
sub sp, sp, #20
add 10, r0, #-409600
add 10, r0, #-4
ldr r3, .emax_loc_rgi_CURR_AO_ja
str r0, [r3]
add 10, 10, #4
ldr r3, .emax_loc_lmrla_CURR_AO_ja
str r0, [r3]
add 10, r0, #409600
add 10, 10, #-4
ldr r3, .emax_loc_rgi_p0_ja
str r0, [r3]
add 10, 10, #4
add 10, r0, #-1280
ldr r3, .emax_loc_lmrla_PREV_A1_ja
str r0, [r3]
add r0, r0, #1280
ldr r3, .emax_loc_lmrla_CURR_A1_ja
str r0, [r3]
add r0, r0, #1280
ldr r3, .emax_loc_lmrla_NEXT_A1_ja
str r0, [r3]
add 10, r0, #-1280
add 10, r0, #409600
add 10, r0, #-4
ldr r3, .emax_loc_rgi_CURR_A2_ja
str r0, [r3]
add 10, 10, #4
ldr r3, .emax_loc_lmrla_CURR_A2_ja
str r0, [r3]
ldr r3, .emax_loc_lmwma_store_ja
str r1, [r3]
ldr r3, .emax_loc_lmwla_store_ja
str r1, [r3]
add r1, rl, #-4
ldr r3, .emax_loc_rgi_store_ja
str r1, [r3]
ldr r0, .emax_loc_start_ja
ldr r1, .emax_loc_end_ja
bl emax2_start // start EMAX2asic
mov 10, #0
add sp, sp, #20
ldnfd sp!, {r4, r5, r6, r7, r8, r9, r10, fp, 1r}
bx ir

.word

.emax_loc_start_ja:
.emax_loc_rgi_p0_ja:
.emax_loc_rgi_CURR_AO_ja:
.emax_loc_lmrla_CURR_AO_ja:
.emax_loc_lmrla PREV_A1l_ja:
.emax_loc_lmrla_CURR_A1_ja:
.emax_loc_lmrla NEXT_A1l_ja:
.emax_loc_rgi_CURR_A2_j
.emax_loc_lmrla_CURR_A2_ja:
.emax_loc_rgi_store_ja
.emax_loc_lmwla_store_j
.emax_loc_lmwma_store_
.emax_loc_end_ja:

.data

.p2align 4
//EMAX4A
//EMAX4A ctl map_dist=1
//EMAX4A @0,0 while (320)
//EMAX4A @0,1 add (ri+=,4),r0
//EMAX4A @1,1
//EMAX4A @2,1
//EMAX4A ©2,2

fma3

start .emax_start_ja:

fmul (ri,r1),r10
(ri,r2,r10),r10

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

rgil.emax_rgi_pO_ja:,]
rgi[0x3e99999a,]
rgi[0x3e99999a,]

.emax_start_ja
.emax_rgi_p0_ja
.emax_rgi_CURR_AO_ja
.emax_lmrla_CURR_AO_ja
.emax_lmrla_PREV_A1_ja
.emax_lmrla_CURR_A1_ja
.emax_lmrla_NEXT_A1_ja
.emax_rgi_CURR_A2_ja
.emax_lmrla_CURR_A2_ja
.emax_rgi_store_ja
.emax_lmwla_store_ja
.emax_lmuma_store_ja
.emax_end_ja

=

d

—
a

1d
1d

//EMAX4A @2,3 1d
//EMAX4A @3,1 fma3 (ri,r5,r10),r10 rgil0x3e99999a,] 1d
//EMAX4A @3,2 fmul (ri,r4),r1i rgi[0x3e4ccecd,] d
//EMAX4A @3,3 fmul (ri,r3),r12 rgi [0x3e99999a,]

//EMAX4A 04,1
//EMAX4A 04,2
//EMAX4A 05,1
//EMAX4A 06,1
//EMAX4A Q7,1
//EMAX4A end .emax_end_ja:

fma3
fma3
fadd
fadd

(ri,r6,r10),710
(ri,r7,r11),r11
(r10,r11),710
(r10,r12) 710

rgi[0x3e99999a,]
rgi[0x3e99999a,]

BN R R
=

AN

(ri+=,4),r1 rgil.emax_rgi_CURR_AO_ja:,] 1lmr[.emax_lmrla_CURR_AO_ja:,0,320
(r0,-1280) ,r2 1lmr[.emax_lmrla_PREV_A1_ja:,0,320]

(r0,4),15 Imr[.emax_lmrla_CURR_A1_ja:,0,320]

(r0,0),r4

(r0,-4),r3

(r0,1280),r6 1mr[.emax_lmrla_NEXT_A1_ja:,0,320]

(ri+=,4),r7 rgil.emax_rgi_CURR_A2_ja:,] lmr[.emax_lmrla_CURR_A2_ja:,0,320.

r10, (ri+=,4) rgil.emax_rgi_store_ja:,] lmw[.emax_lmwla_store_ja:,0,320

/

EMAX2asic/ZYNQ and EMAX4/bsim Handbook

Y.Nakashima Proprietary & Confidential




1.6. EXAMPLE

1.6.3 Fd6 kernel
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-

void fd6( B, C )
float *B, *C;

int x;
float t0, t1, t2;
float C1 =
float C2 =
float C3 =
float C4 =

for (x = 0; x < WD; x++) {

*(C+x) = C4 * (*(B-3*HT*WD+x) + *(B-3*WD+x)
+ *(B+3+x) + *(B+3*WD+x)

+ C3 * (*x(B-2#HT#WD+x) + *(B-2*WD+x)

+ *(B+2+x) + *(B+2*WD+x)

+ C2 * (*(B-1+HT#WD+x) + *(B-1*#WD+x)

+ *(B+1+x) + *(B+1*WD+x)

+ C1 * *(B+x);

.

E A

*(B-3+x)
* (B+3*HT*WD+x) )
*(B-2+x)
* (B+2*HT*WD+x) )
*(B-1+x)
* (B+1*HT*WD+x) )
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.text

.align 2

.global £d6

.type  £d6,%function
£d6: /* void £d6( B, C ) float *B, *C; */

stmfd  sp!, {r4, r5, r6, r7, r8, r9, r10, fp, 1r}

sub sp, sp, #20;add r0, r0, #-1228800;add r0, r0, #-4

ldr r3, .emax_loc_rgi_CURR_AO_fd6; str r0, [r3

add 10, r0, #4

ldr r3, .emax_loc_lmrla_CURR_AO_£d6; str r0, [r3

add r0, r0, #409600;add r0, r0, #-4

ldr r3, .emax_loc_rgi_CURR_A1_£d6; str r0, [r3

add r0, r0, #4

ldr r3, .emax_loc_lmrla_CURR_A1_fd6; str r0, [r3

add r0, r0, #409600;add r0, r0, #-4

ldr r3, .emax_loc_rgi_CURR_A2_fd6; str r0, [r3

add 10, 10, #4

ldr r3, .emax_loc_lmrla_CURR_A2_fd6; str r0, [r3

add r0, r0, #409600;add r0, r0, #-4

ldr r3, .emax_loc_rgi_pO____fd6; str 0, [r3

ldr r3, .emax_loc_rgi_pl____fd6; str 0, [r3

add 10, 10, #4;add r0, r0, #-3840

ldr r3, .emax_loc_lmrla_PREV3_A3_fd6; str r0, [r3

add 10, 10, #1280

ldr r3, .emax_loc_lmrla_PREV2_A3_fd6; str r0, [r3

add 10, r0, #1280

ldr r3, .emax_loc_lmrla_PREV1_A3_fd6; str r0, [r3

add 10, r0, #1280

ldr r3, .emax_loc_lmrla_CURR_A3_fd6; str r0, [r3

add 10, 10, #1280

ldr r3, .emax_loc_lmrla_NEXT1_A3_£d6; str r0, [r3]

add 10, 10, #1280

ldr r3, .emax_loc_lmrla_NEXT2_A3_fd6; str r0, [r3]

add 10, 10, #1280

ldr r3, .emax_loc_lmrla_NEXT3_A3_fd6; str r0, [r3]

add r0, r0, #-3840;add r0, r0, #409600;add r0, r0, #-4

ldr r3, .emax_loc_rgi_CURR_A4_fd6; str r0, [r3

add 10, 10, #4

ldr r3, .emax_loc_lmrla_CURR_A4_fd6; str r0, [r3

add r0, r0, #409600;add r0, r0, #-4

ldr r3, .emax_loc_rgi_CURR_A5_fd6; str r0, [r3

add 10, r0, #4

ldr r3, .emax_loc_lmrla_CURR_A5_£d6; str r0, [r3

add r0, r0, #409600;add r0, r0, #-4

ldr r3, .emax_loc_rgi_CURR_A6_fd6; str r0, [r3

add 10, 10, #4

ldr r3, .emax_loc_lmrla_CURR_A6_fd6; str r0, [r3

ldr r3, .emax_loc_lmwla_store_fd6; str r1, [r3

add r1, rl, #-4

ldr r3, .emax_loc_rgi_store_fd6; str 1, [r3

ldr 10, .emax_loc_start_fd6;1ldr rl, .emax_loc_end_fd6;bl emax2_start

mov r0, #0;add sp, sp, #20; ldmfd sp!, {r4, r5, r6, r7, r8, r9, r10, fp, lr};bx 1r
.emax_loc_start_fd6: .word  .emax_start_fd6
.emax_loc_rgi_CURR_AO_£d6: .word  .emax_rgi_CURR_AO_fd6
.emax_loc_lmrla_CURR_AO_£d6: .word  .emax_lmrla_CURR_AO_fd6
.emax_loc_rgi_pO____fd6: .word  .emax_rgi_pO____fd6
.emax_loc_rgi_CURR_A1_fd6: .word .emax_rgi_CURR_A1_fd6
.emax_loc_lmrla_CURR_A1_fd6: .word  .emax_lmrla_CURR_A1_fd6
.emax_loc_rgi_CURR_A2_fd6: .word  .emax_rgi_CURR_A2_fd6
.emax_loc_lmrla_CURR_A2_fd6: .word  .emax_lmrla_CURR_A2_fd6
.emax_loc_lmrla_PREV3_A3_fd6: .word .emax_lmrla_PREV3_A3_fd6
.emax_loc_lmrla_PREV2_A3_fd6: .word .emax_lmrla_PREV2_A3_fdé
.emax_loc_lmrla_PREV1_A3_fd6: .word .emax_lmrla_PREV1_A3_fdé
.emax_loc_rgi_pl____fd6: .word  .emax_rgi_pl____fd6
.emax_loc_lmrla_CURR_A3_£d6: .word  .emax_lmrla_CURR_A3_fd6
.emax_loc_lmrla_NEXT1_A3_£fd6: .word .emax_lmrla_NEXT1_A3_fdé
.emax_loc_lmrla_NEXT2_A3_fd6: .word .emax_lmrla_NEXT2_A3_fd6
.emax_loc_lmrla_NEXT3_A3_fd6: .word .emax_lmrla_NEXT3_A3_fd6
.emax_loc_rgi_CURR_A4_fd6: .word  .emax_rgi_CURR_A4_fd6
.emax_loc_lmrla_CURR_A4_fd6: .word  .emax_lmrla_CURR_A4_fd6
.emax_loc_rgi_CURR_A5_fd6: .word  .emax_rgi_CURR_A5_fd6
.emax_loc_lmrla_CURR_A5_£d6: .word  .emax_lmrla_CURR_A5_£d6
.emax_loc_rgi_CURR_A6_fd6: .word  .emax_rgi_CURR_A6_fd6
.emax_loc_lmrla_CURR_A6_£d6: .word  .emax_lmrla_CURR_A6_fd6
.emax_loc_rgi_store_fd6: .word  .emax_rgi_store_fd6
.emax_loc_lmwla_store_fd6: .word  .emax_lmwla_store_fd6
.emax_loc_end_fd6: .word  .emax_end_fd6

.data

.p2align 4

//EMAX4A start .emax_start_fd6:
//EMAX4A ctl map_dist=1

//EMAX4A @0,0 while (320) &
//EMAX4A 0,1 add (ri+=,4),r10 rgil.emax_rgi_pO____£d6:,] &
//EMAX4A @0,2 & 1d
//EMAX4A 1,0 fmul(ri,r0),r20 rgi[0x3eccceed, ] & 1d
//EMAX4A 1,1 fmul(ri,r1),r21 rgi[0x3e99999a,] 13
//EMAX4A ©1,2 fmul(ri,r2),r22 rgi [0x3edccced, ] ]
//EMAX4A ©2,0 fma3(ri,r3,r20),r20 rgilOx3ecccced,] & 1d
//EMAX4A €2,1 fadd(r21,r22),r21

//EMAX4A 3,0 fma3(ri,r4,r20),r20 rgil0x3e99999a,] & 1d

//EMAX4A @3,1

//EMAX4A ©4,0 add (ri+=,4),r10 rgil.emax_rgi_pl____£d6:,] 1d
//EMAX4A @4,1 1d (r10,4),r10 & 1d
//EMAX4A @4,2 1d (r10,-4),r8 & 1d
//EMAX4A @4,3 1d (r10,-12),r6 & 1d
//EMAX4A @5,0 fma3(ri,r5,r20),r20 rgil0x3edccccd,] 1d
//EMAX4A @5,1 fma3(ri,r10,r21),r21 rgil0Ox3edcceed,]
//EMAX4A ©5,2 fmul(ri,r8),r22 rgi [0x3edccced, ]
//EMAX4A ©5,3 fmul(ri,r6),r23 rgi[0x3ecccced, ]
//EMAX4A 06,0 fma3(ri,r12,r20),r20 rgil0x3ecccced,] 1d
//EMAX4A 06,1 fma3(ri,r11,r21),r21 rgil0x3e99999a,]
//EMAX4A 06,2 fma3(ri,r9,r22),r22 rgil0x3dccceed,]
//EMAX4A @6,3 fma3(ri,r7,r23),r23 rgil0x3e99999a,]
//EMAX4A @7,0 1d
//EMAX4A @7,1 1d

//EMAX4A @7,2 fma3(ri,r13,r22),r22 rgil0Ox3edcceed,]
//EMAX4A @7,3 fma3(ri,r14,r23),r23 rgil0x3e99999a,]
//EMAX4A @8,0 fma3(ri,r15,r20),r20 rgil0x3ecccccd,]
//EMAX4A ©8,1 fma3(ri,r16,r21),r21 rgil0x3edcceed,]
//EMAX4A ©8,2 fma3(ri,r17,r22),r22 rgil0x3e99999a,]
//EMAX4A 08,3 fma3(ri,r18,r23),r23 rgil0x3ecccced,]
//EMAX4A ©9,1 fadd(r20,r21),r21

//EMAX4A 09,2 fadd(r22,r23),r22

//EMAX4A @10,2 fadd(r21,r22),r22

//EMAX4A @11,0

//EMAX4A end .emax_end_fd6:

PR R R R R R RN RN

st

.

(ri+=,4),r2
(r10,-3840),r3

(r10,-2560) ,r4
(r10,-1280) ,r5

(r10,12),r12
(r10,8),r11
(r10,0),r9
(r10,-8),r7
(r10,1280),r13

(r10,2560) ,r14

(r10,3840) ,r15
(ri+=,4),r16
i+=,4),r17

122, (ri+=,4)

rgil.emax_rgi_CURR_AO_£d6:,]
rgil.emax_rgi_CURR_A1_fd6:,]
rgil.emax_rgi_CURR_A2_fd6:,]

lmr[.emax_lmrla_PREV3_A3_fd6:

Imr([.emax_lmrla_PREV2_A3_fd6:

Imr[.emax_lmrla_PREV1_A3_fd6:

1mr[.emax_lmrla_CURR_A3_fd6

lmr[.emax_lmrla_NEXT1_A3_fd6:

Imr[.emax_lmrla_NEXT2_A3_fd6:

1mr[.emax_lmrla_NEXT3_A3_fd6:

rgil.emax_rgi_CURR_A4_fd6:,]
rgil.emax_rgi_CURR_A5_£d6:,]
rgil.emax_rgi_CURR_A6_fd6:,]

lmr[.emax_lmrla_CURR_AO_£d6:,0,320]
lmr[.emax_lmrla_CURR_A1_£d6:,0,320]
lmr[.emax_lmrla_CURR_A2_£d6:,0,320]
,0,320]
,0,320]
,0,320]

0,320]

,0,320]

,0,320]

,0,320]

1mr[.emax_lmrla_CURR_A4_fd6:,0,320]
1mr[.emax_lmrla_CURR_A5_fd6:,0,320]
1mr[.emax_lmrla_CURR_A6_fd6:,0,320]

rgil.emax_rgi_store_£d6:,] lmw[.emax_lmwla_store_£d6:,0,320]

~

%
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1.6.4 Resid kernel
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/

void resid( B, C, D)
float *B, *C, *D;
{
int x;
float A0 = 0.1;
float A1l = 0.2;
float A2 = 0.3;
float A3 = 0.4;
for (x=0; x<WD; x++) {
*(D+x) = *(C+x)
= A0 * *(B+x)
- A1 * ( *(B-HT*WD +x) + *(B+HT*WD  +x)
+ *(B -WD  +x) + *(B +WD+x)
+ *(B -1+x) + *(B +1+x) )
- A2 x ( *(B-HT*WD-WD +x) + *(B+HT*WD-WD+x) + *(B-HT*WD+WD+x) + * (B+HT*WD+WD+x)
+ *(B -WD-1+x) + *(B +WD-1+x) + *(B -WD+1+x) + *(B +WD+1+x)
+ *(B-HT#WD  -1+x) + *(B-HT*WD +1+x) + *(B+HT*#WD -1+x) + *(B+HT*WD +1+x) )
- A3 * ( *(B-HT*WD-WD-1+x) + *(B+HT*WD-WD-1+x)
+ *(B-HT*WD+WD-1+x) + *(B-HT*WD-WD+1+x)
+ * (B+HT*WD+WD-1+x) + *(B+HT*WD-WD+1+x)
+ *(B-HT*WD+WD+1+x) + *(B+HT*WD+WD+1+x) );
}
}

.
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resid:

.text
.align 2

.global resid

.type  resid,’%function

/* void resid( B, C, D ) float *B, *C, *D;

*/

stmfd  sp!, {r4, r5, 16, 7, r8, r9, rl0, fp, lr}

sub sp, sp, #20

add r0, r0, #-409600;add r0, r0, #-4

ldr r3, .emax_loc_rgi_p0____resid; str 0

add 0, r0, #4;add r0, r0, #-1280

ldr r3, .emax_loc_lmrla_PREV_BO_resid;  str 0

add 0, r0, #1280

ldr 3, .emax_loc_lmrla_CURR_BO_resid; str 0

add 0, r0, #1280

ldr 3, .emax_loc_lmrla_NEXT_BO_resid; str 0

add 0, r0, #409600;add r0, r0, #-4

ldr 3, .emax_loc_rgi_pl____resid; str 0

add 10, 10, #4;add r0, r0, #-1280

ldr r3, .emax_loc_lmrla_PREV_B1_resid; str 0,

add r0, r0, #1280

ldr r3, .emax_loc_lmrla_CURR_B1_resid; str 0,

add r0, r0, #1280

ldr r3, .emax_loc_lmrla_NEXT_B1_resid; str 0,

add 0, r0, #409600;add r0, r0, #-4

ldr 3, .emax_loc_rgi_p2____resid; str 0

add 10, 10, #4;add r0, r0, #-1280

ldr r3, .emax_loc_lmrla_PREV_B2_resid; str 0

add 0, r0, #1280

ldr r3, .emax_loc_lmrla_CURR_B2_resid; str 0,

add r0, r0, #1280

ldr r3, .emax_loc_lmrla_NEXT_B2_resid; str 0,

ldr r3, .emax_loc_lmrla_C_resid; str ri,

add ri, r1, #-4

ldr r3, .emax_loc_rgi_C_resid; str ri,

ldr 3, .emax_loc_lmwla_store_resid; str 2

add r2, 12, #-4

ldr 3, .emax_loc_rgi_store_resid; str 2

ldr 0, .emax_loc_start_resid

ldr r1, .emax_loc_end_resid

bl emax2_start

mov 0, #0

add sp, sp, #20

ldmfd sp!, {r4, r5, r6, r7, r8, r9, ri0, fp, 1r}

bx 1r
.emax_loc_start_resid: .word  .emax_start_resid
.emax_loc_rgi_p0____resid: .word  .emax_rgi_pO____resid
.emax_loc_lmrla_PREV_BO_resid: .word .emax_lmrla_PREV_BO_resid
.emax_loc_lmrla_CURR_BO_resid: .word .emax_lmrla_CURR_BO_resid
.emax_loc_rgi_pl____resid: .word  .emax_rgi_pi____resid
.emax_loc_lmrla_NEXT_BO_resid: .word .emax_lmrla_NEXT_BO_resid
.emax_loc_lmrla_PREV_B1_resid: .word .emax_lmrla_PREV_B1_resid
.emax_loc_lmrla_CURR_B1i_resid: .word .emax_lmrla_CURR_B1_resid
.emax_loc_rgi_p2____resid: .word  .emax_rgi_p2____resid
.emax_loc_lmrla_NEXT_B1_resid: .word .emax_lmrla_NEXT_B1_resid
.emax_loc_lmrla_PREV_B2_resid: .word .emax_lmrla_PREV_B2_resid
.emax_loc_lmrla_CURR_B2_resid: .word .emax_lmrla_CURR_B2_resid
.emax_loc_lmrla_NEXT_B2_resid: .word .emax_lmrla_NEXT_B2_resid
.emax_loc_rgi_C_resid: .word .emax_rgi_C_resid

//EMAX4A 01,1
//EMAX4A @1,2
//EMAX4A @1,3

//EMAX4A ©3,1
//EMAX4A ©3,2
//EMAX4A ©3,3
//EMAX4A 04,1
//EMAX4A 04,2
//EMAX4A @4,3
//EMAX4A @5,1
//EMAX4A @5,2
//EMAX4A @5,3
//EMAX4A @6,0
//EMAX4A 06,1
//EMAX4A 06,2
//EMAX4A ©6,3
//EMAX4A Q7,1
//EMAX4A Q7,2
//EMAX4A @7,3
//EMAX4A @8,1
//EMAX4A @8,2
//EMAX4A @8,3
//EMAX4A @9,1
//EMAX4A @9,2
//EMAX4A ©9,3

//EMAX4A end

fma3
fma3
fma3
fma3
fma3
fma3
fma3
fma3
fma3

add (ri+=,4),r0

fma3
fma3
fma3
fma3
fma3
fma3
fma3
fma3
fma3
fma3
fma3
fma3

//EMAX4A 10,1 fma3
//EMAX4A 10,2 fma3
//EMAX4A ©10,3 fma3
//EMAX4A ©11,1 fadd
//EMAX4A ©11,2 fadd
//EMAX4A 12,1 fadd
//EMAX4A @13,3

(ri,r6,r29),129 rgil0xbe99999a,]
(ri,r5,r30),r30 rgil0Oxbedccced,]
(ri,r4,r31),r31 rgil0xbe99999a,]
(ri,r9,r29),r29 rgil0xbecccced,]
(ri,r8,r30),r30 rgil0xbe99999a,]
(ri,r7,r31),r31 rgilOxbecccced,]
(ri,r12,r29),r29 rgil0xbe99999a,]
(ri,r11,r30),r30 rgil0xbedccced,]
(ri,r10,r31),r31 rgil0xbe99999a,]

(ri,r15,129),r29 rgilOxbedcceced,]
(ri,r14,r30),r30 rgil[Oxbdccceed,]
(ri,r13,r31),r31 rgil[Oxbedcceced,]
(ri,r18,r29),r29 rgil0xbe99999a,]
(ri,r17,r30),r30 rgil[Oxbedcceced,]
(ri,r16,r31),r31 rgil0xbe99999a,]
(ri,r21,r29),r29 rgil0xbecccced,]
(ri,r20,r30),r30 rgi[0xbe99999a,]
(ri,r19,r31),r31 rgil0xbecccced,]
(ri,r24,r29),r29 rgil0xbe99999a,]
(ri,r23,r30),r30 rgilOxbedcceed,]
(ri,r22,r31),r31 rgil0xbe99999a,]
(ri,r27,r29),r29 rgilOxbecccced,]
(ri,r26,r30),r30 rgil0xbe99999a,]
(ri,r25,r31),r31 rgilOxbecccced,]

(r29,r28) ,128
(r30,r31),r31
(r31,r28),r28

.emax_end_resid:

.emax_loc_lmrla_C_resid: .word  .emax_lmrla_C_resid
.emax_loc_rgi_store_resid: .word  .emax_rgi_store_resid
.emax_loc_lmwla_store_resid: .word  .emax_lmwla_store_resid
.emax_loc_end_resid: .word  .emax_end_resid

.data

.p2align 4
//EMAX4A start .emax_start_resid:
//EMAX4A ctl map_dist=1
//EMAX4A @0,0 while (320)
//EMAX4A ©0,1 add (ri+=,4),r0 rgi[.emax_rgi_pO____resid:,]

//EMAX4A @2,1 fmul (ri,r3),r29 rgi[Oxbeccceed, ]
//EMAX4A @2,2 fmul (ri,r2),r30 rgi[0xbe99999a,]
//EMAX4A @2,3 fmul (ri,r1),r31 rgi[Oxbeccceed, ]
//EMAX4A @3,0 add (ri+=,4),r0 rgil.emax_rgi_pl____resid:,]

rgil.emax_rgi_p2____resid:,]

[r3]
[r3]
[x3]
[x3]
[x3]
[r3]
[r3]
[r3]
[x3]
[x3]
[r3]

[r3]
[r3]

[r3]
[x3]

[x3]

1
1
1
1
1d
1d

R

1
1
1
1
1
1
1d
1d
1d

[N YRR

1
1
1
1
1
1,
1,
1d
1d
1,
1,
1
1d

R IRIRRY

[y

R R R )
o

st

(r0,-1276) ,r3
(r0,-1280) ,r2
(r0,-1284),r1
(x0,4),16
(r0,0),15
(x0,-4) ,r4

(x0,1284) ,19
(x0,1280) ,r8
(x0,1276) ,x7
(x0,-1276) ,r12
(x0,-1280) ,r11
(x0,-1284) ,r10
(r0,4),r15
(r0,0),r14
(r0,-4),r13

(r0,1284) ,r18
(r0,1280) ,r17
(0,1276) ,r16
(r0,-1276) ,121
(r0,-1280) ,120
(x0,-1284) ,r19
(x0,4),r24
(x0,0),r23
(r0,-4),r22
(r0,1284) ,127
(r0,1280) ,r26
(r0,1276) ,125
(ri+=,4),r28

128, (ri+=,4)

Imr[.emax_lmrla_PREV_BO_resid:

lmr[.emax_lmrla_CURR_BO_resid:

Imr[.emax_lmrla_NEXT_BO_resid:

Imr([.emax_lmrla_PREV_B1_resid:

lmr[.emax_lmrla_CURR_B1_resid:

Imr[.emax_lmrla_NEXT_B1_resid:

Imr([.emax_lmrla_PREV_B2_resid:

1mr[.emax_lmrla_CURR_B2_resid:

lmr[.emax_lmrla_NEXT_B2_resid:

rgil.emax_rgi_C_resid:,] lmr[.

,0,320]

,0,320]

0,320]

,0,320]

,0,320]

,0,320]

,0,320]

,0,320]

,0,320]

emax_lmrla_C_resid:,0,320]

rgil.emax_rgi_store_resid:,] lmw[.emax_lmwla_store_resid:,0,320]

~
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1.6.5 Wave2d kernel

26

-

void wave2d( Z0, Z1, Z2 )
float *Z0, *Z1, *Z2;

{
int x;
float value = 0.0025;
for (x=0; x<WD; x++) {
*(Z2+x) = 2.0 * *(Z1+x)
- *(20+x)
+ value * ( *(Z1+WD+x) + *(Z1-WD+x) + #(Z1-1+x) + *(Z1+1+x) - 4.0 * *(Z1+x) );
¥
¥
.
.text
.align 2
.global wave2d
.type wave2d,%function
wave2d:

/* void wave2d( Z0, Z1, Z2 ) float *Z0, *Z1, *Z2; */

stmfd  sp!, {r4, r5, r6, r7, r8, r9, r10, fp, lr}

sub sp, sp, #20

ldr r3, .emax_loc_lmrla_Z0_wave2d

str r0, [r3]

add 10, r0, #-4

ldr r3, .emax_loc_rgi_Z0_wave2d

str r0, [r3]

add r1, rl, #-4

ldr r3, .emax_loc_rgi_pO____wave2d

str r1, [r3]

add r1, rl, #4

add r1, rl, #-1280

ldr r3, .emax_loc_lmrla_PREV_Z1_wave2d

str ri, [r3]

add r1, rl, #1280

ldr r3, .emax_loc_lmrla_CURR_Z1_wave2d

str r1, [r3]

add r1, rl, #1280

ldr r3, .emax_loc_lmrla_NEXT_Z1_wave2d

str r1, [r3]

ldr r3, .emax_loc_lmwla_store_wave2d

str r2, [r3]

add r2, r2, #-4

ldr r3, .emax_loc_rgi_store_wave2d

str r2, [r3]

ldr r0, .emax_loc_start_wave2d

ldr r1, .emax_loc_end_wave2d

bl emax2_start

mov 10, #0

add sp, sp, #20

ldnfd sp!, {r4, r5, r6, r7, r8, r9, r10, fp, 1r}

bx ir
.emax_loc_start_wave2d: .word  .emax_start_wave2d
.emax_loc_rgi_pO____wave2d: .word  .emax_rgi_pO____wave2d
.emax_loc_rgi_Z0_wave2d: .word  .emax_rgi_Z0_wave2d
.emax_loc_lmrla_Z0_wave2d: .word  .emax_lmrla_Z0_wave2d
.emax_loc_lmrla_PREV_Z1_wave2d: .word .emax_lmrla_PREV_Z1_wave2d
.emax_loc_lmrla_CURR_Z1_wave2d: .word .emax_lmrla_CURR_Z1_wave2d
.emax_loc_lmrla_NEXT_Z1_wave2d: .word .emax_lmrla_NEXT_Z1_wave2d
.emax_loc_rgi_store_wave2d: .word  .emax_rgi_store_wave2d
.emax_loc_lmwla_store_wave2d: .word .emax_lmwla_store_wave2d
.emax_loc_end_wave2d: .word  .emax_end_vave2d

.data

.p2align 4

//EMAX4A start .emax_start_wave2d:
//EMAX4A ctl map_dist=1

//EMAX4A @0,0 while (320) 3

//EMAX4A @0,1 add (ri+=,4),r0 rgil.emax_rgi_pO____wave2d:,] & 1d (ri+=,4),r10
//EMAX4A @1,1 fmul (ri,r10),r31 rgi [0xb£800000,] & 1d (r0,-1280),r1
//EMAX4A 02,1 fma3 (ri,r1,r31),r31 rgi[0x3b23d70a,] & 1d (r0,4),r4
//EMAX4A ©2,2 & 1d (r0,0),r3
//EMAX4A ©2,3 & 1d (x0,-4),r2
//EMAX4A ©3,1 fma3 (ri,r4,r31),r31 rgi[0x3b23d70a,] & 1d (r0,1280),r5
//EMAX4A @3,2 fmul (ri,r3),r30 rgi [0x3b23d70a,] &

//EMAX4A @3,3 fmul (ri,r2),r29 rgi[0x3b23d70a,] &

//EMAX4A @4,1 fma3 (ri,r5,r31),r31 rgil0x3b23d70a,] &

//EMAX4A @4,2 fmul (ri,r3),r29 rgi[0x40000000,] &

//EMAX4A @4,3 fma3 (ri,r30,r29),r30 rgil0xc0800000,] &

//EMAX4A @5,1 fadd (r31,r29),r31 3

//EMAX4A 06,1 fadd (r31,r30),r31 13

//EMAX4A Q7,1 & st r31,(ri+=,4)

//EMAX4A end .emax_end_wave2d:

rgil.
Inr[.
Inr[.

Imr[.

rgil.

emax_rgi_Z0_wave2d:,] 1mr[.emax_lmrla_Z0_wave2d:,0,320]
emax_lmrla_PREV_Z1_wave2d:,0,320
emax_lmrla_CURR_Z1_wave2d:,0,320.

emax_lmrla NEXT_Z1_wave2d:,0,320.

emax_rgi_store_wave2d:,] lmw[.emax_lmwla_store_wave2d:,0,320]

AN
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1.6.6 Initialization in user program

4 N

In user program:
sysinit ()
{

Uint memsize;

#define EMAX2CTRLSPACE 0x00100000
umem_open() ;
udev_open() ;
memsize = EMAX2CTRLSPACE+sizeof (struct GrA)+sizeof (struct B3D)+sizeof (struct C3D)
+sizeof (struct D3D)+sizeof (int)*BITMAP*4;
membase_logical = (void*)umem_malloc(memsize);
usrbase_logical = membase_logical+EMAX2CTRLSPACE;
membase_phys = umem_get_phys(membase_logical); /* for real EMAX2 x/
usrbase_phys = umem_get_phys(usrbase_logical); /* for real EMAX2 */
udev_write_4b(0, 1); /* reset EMAX2 */

1.6.7 Inside of emax2.c

In emax2.c:

#define UIO_MEMSPACE "/dev/uio0"
#define UMEMMAP_BASE 0x20000000
#define UMEMMAP_SIZE 0x20000000

#define UIO_DEVSPACE "/dev/uiol"
#define UMEMPAGESIZE 0x00001000
#define UDEVMAP_SIZE 0x00001000

void umem_open()

{
int fd;
if ((fd = open(UIO_MEMSPACE, O_RDWR)) < 1) {
printf ("umem_open(): Invalid UIO device: ’%s’\n", UIO_MEMSPACE);
exit(1);
¥
umembase_logical = (volatile void*)mmap(NULL, UMEMMAP_SIZE, PROT_READ|PROT_WRITE, MAP_SHARED, fd, 0);
umembase_phys = (volatile void*)UMEMMAP_BASE;
umem_allocated = O;
}
void udev_open()
{
int fd;
if ((fd = open(UIO_DEVSPACE, O_RDWR)) < 1) {
printf ("udev_open: Invalid UIO device: ’%s’\n", UIO_DEVSPACE);
exit(1);
}
udevbase_logical = (volatile int*)mmap(NULL, UDEVMAP_SIZE, PROT_READ|PROT_WRITE, MAP_SHARED, fd, 0);
}
N J
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-

{

In emax2.c:
emax2_start(start, end) Uint start, end; /* start_of conf[][] - next_of last lmmi[][] */

/* conf [1[] Je/tiHlE start (stencil DA, conf [1[1 ALEIFBTTND conf HRJHL RV */
/* regv[][] si/i¥lE start+sizeob(conf) (macropipe D¢, regv[1[1 & FIAASITEMIZH) */
/* 1mmi[][] Jo/c¥ild start+sizeob(conf)+sizeof (regv) (macropipe D 5#r, Immi [ [1 25 S IAAI I 2 ) */

struct conf_new {struct conf A[UNIT_DEPTH] [UNIT_WIDTH];} *conf_new=(struct conf_new*) (start);

struct regv_new {struct regv d[UNIT_DEPTH] [UNIT_WIDTH];} *regv_new=(struct regv_new*) (start+sizeof (conf));
struct lmmi_new {struct lmmi d[UNIT_DEPTH] [UNIT_WIDTH];} *lmmi_new=(struct lmmi_new*) (start+sizeof (conf)+sizeof (regv));
int i, j, k, nonzero_dist, M_STAT;

if (last_start !'= start) {
last_start = start;
emax2_evenodd = 0;
conf_addr = DDR3_CONFTOP;
regv_addr = DDR3_REGVTOP;
1mmi_addr = DDR3_LMMITOP;
}
else {
emax2_evenodd = “emax2_evenodd;
if ('emax2_evenodd) {
conf_addr = DDR3_CONFTOP;
regv_addr = DDR3_REGVTOP;
1mmi_addr = DDR3_LMMITOP;

}
else {
conf_addr = DDR3_CONFTOP;
regv_addr = DDR3_REGVTOP + DDR3_VARDIST;
1mmi_addr = DDR3_LMMITOP + DDR3_VARDIST;
}

}

memcpy ((void*)conf_addr, conf_new, sizeof (conf));

memcpy ((void*)regv_addr, regv_new, sizeof (regv));

for (i=0; i<UNIT_DEPTH; i++) {
int old_i = (i + conf_new->d[0][0].dist)&(INSN_DEPTH-1);
for (j=0; j<UNIT_WIDTH; j++) {

((struct lmmi_new+)lmmi_addr)->d[i] [j].e2ctl = lmmi_new->d[i] [j].e2ctl;
((struct lmmi_new)lmmi_addr)->d[i] [j].ddr3_tlb.v = lmmi_new->d[i] [j].ddr3_tlb.v;
((struct lmmi_new)lmmi_addr)->d[i] [j].ddr3_tlb.msksft = lmmi_new->d[i] [j].ddr3_tlb.msksft;

((struct lmmi_new#)lmmi_addr)->d[i] [j].ddr3_tlb.base_offset = emax2_evenodd;
switch (lmmi_new->d[i][j].e2ctl.v) {

case 1:

case 3:

case 5:
if (lmmi_old[old_i] [j].e2ctl.v && 1mmi_new->d[i] [j].e2¢ctl.v < 4
&& 1mmi_old[old_i] [j].e2ctl.top == lmmi_new->d[i][j].e2ctl.top

&& 1mmi_old[old_i][j].e2ctl.len >= lmmi_new->d[i][j].e2ctl.len
&& 1mmi_old[old_i][j].e2ctl.dist == lmmi_new->d[i][j].e2ctl.dist)
((struct lmmi_new*)lmmi_addr)->d[i] [j].ddr3_tlb.skip = 1;
else {
((struct lmmi_new*)lmmi_addr)->d[i][j].ddr3_tlb.skip = 0;
((struct lmmi_new*)lmmi_addr)->d[i][j].ddr3_tlb.base = (lmmi_new->d[i] [j].e2ctl.top)/DDR3_MINALIGN;
/* EMAX2 #5347, phys_addr #fR0A x/
}
break;
case 2: /x LMW */
((struct lmmi_new*)lmmi_addr)->d[i][j].ddr3_tlb.base = (lmmi_new->d[i][j].e2ctl.top)/DDR3_MINALIGN;
/* EMAX2 $Xi%HIZ, phys_addr Z#fUA x/
break;

}

}
}
for (i=0; i<UNIT_DEPTH; i++) { /* for each unit be assigned */
for (j=0; j<UNIT_WIDTH; j++) { /* for each unit to be assigned */
Immi_old[i] [j].e2ctl.v = ((struct lmmi_new#)lmmi_addr)->d[i] [j].e2ctl.v;
Immi_old[i] [j].e2ctl.top = ((struct lmmi_new*)lmmi_addr)->d[i] [j].e2ctl.top;
Immi_old[i] [j].e2ctl.len = ((struct lmmi_new*)lmmi_addr)->d[i][j].e2ctl.len;
Immi_old[i] [j].e2ctl.dist = ((struct lmmi_new#)lmmi_addr)->d[i][j].e2ctl.dist;
}
}

udev_write_4b(4, 1); /* start EMAX2 */
do {

udev_read_4b(8, &peO_status);
} while (peO_status != STATUS_IDLE);

1.6.8 Compiling application programs

See “all:” tag in proj-arm32/sample/stencil-pipe/Makefile-zynq.emax2+asic.
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1.6.9 Executing application programs on simulator

See “run:” tag in proj-arm32/sample/stencil-pipe/Makefile-zyng.emax2+asic.
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Chapter 2

EMAX2asic/ZYNQ Hardware

2.1 Structure of ZYNQ platform

ARV Progranmabl e Logi ¢ ‘ AS CEB AMC*2 (72*2pi n) MCTR
AM-BWC 110
BEVANQERIEA V9 7 T —R BEVRRMIEA V9 7 T —2R
| - BEMAQasi ¢
) [ AK | * QLK ->LAL KL
M_AK —=in AK |
M)_RESET —in EEAK *RESET “ ->LA2 AKL
FIFO | M_XREQ <out *MXREQ ->LAL DA
M_XANT —in *MXGNT ->LAL 6
M)_VEEX <out * M VEX F -SLAL
M)_BSTMWK <out * M BSTMVK S ->LAL 8
A M)_BEX 7: 0] —out rvfaq 700 |M
mmap( ) M)_ACEX <out *M ->LA1_D0
512MB | MASTER M_AD X 63: 0] <-out | —
M)_AD QU] 63: 0] <—out M A 63: 0]
M_ADIN[63:0]—in | — pDAIIAW Y
M_ VDY —in * M VDY ->LAL D6
M_RDY —in *MROY ->LAL D7
M)_BSYX =in *M BSYX ->LA1L DL
L | M_STAT[1:0] —in *MSTAT[1: 0] —— ->AL_ D9, 08
pe0_st at us <out *C A 3:0] ->LA2 D12, D11, D10, DO
IN=2 I\E%?R&J:U
A STATHIE
- CXNI —out ->LA2 D15
C XAXK —>out ->LA2 Dl4
CXEQ —out ->LA2 DI3
C VX —out ->LA2 8
LAL_ O —out ->LAL D15
LAL 1 —>out ->LAL D14
EED LAL 2 —out ->LAL DI3 | EED
B5% LAL 3 —out -SLAL DR | EE%E
HEfGARE | LAL4 —out ->LAL DI | 8
LAL 5 —out ->LAL_DIO | AJHE
LA2 0 —out ->LA2 D7
LA2 1 —>out ->LA2 6
LA2 2 —out ->LA2 6
LA2 3 —out -S>l A
LA2 4 —out ->LA2 B
LA2 5 —out ->LA2 2
LA2_6 —>out >SLA2 DL
= 7 —out SLA2 D -
X MAJ28:3] is valid when MADBX=0 (MAD hol ds the address for 64bit data bus of CDR3).
¥ MAD CEX is connected to (MADSX & MVEX).

Figure.2.1: &K

ZYNQT706 ¥ AT Alk, XC7Z045-FFG900-2, ASIC Vv ~hAR— K (ASICEDB), 1GB-DDR3 % fii
Z, Wi ARM 27 & FPGA &AL TW5. ARM 27 8 L' DDR3 X a# T LINUX 2%84# L T
Y, ARM-EMAX2 1 &7 —A% FPGA LIZ, £/-, EMAX2 BfE% ASICEDB LIz T, 4
WEUTERT ) r—vaveEEITTIZEBETHD. 21 IZ2EKEHRE2RT. WBA V2 T7—A
MO_CLK 1% 52.6MHz Oftih % 321F, FPGA MR CLK £ #idgs % & U TR+ ‘/57 7x—ACLKP $H
FO'CLK.M #ERE U, HHIZ EMAX2asic D CLK ¥V 2Ei#9 5. AXIFIFO (21%, #1427 xz—
A MORESET M XN TH Y, ARMM»S5DD £y MaRIZHey, —@HiiH (512 47‘4 2 )V /52.6MHz 2
), MOLRESET %# 1 £ UZ#&IZ0 &322 kIi2kY, Yl >4 72— ARESET % U T EMAX?2asic
Wz YVt 3%, AXI MASTER 121%, MO_-CLK $ & ' MO_RESET % FR< f 1 > % 7 =— A MO_*H3
Plixnd. oYy 7>+ 74YIZIECLK (LA1.CLK1), RESET (LA2_.CLK1), M_XREQ (LA1.D4),
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M_XGNT (LA1.D5), M_.WEX (LA1.D2), M_BSTMX (LA1.D3), M_ADSX (LA1.D0), M_-WRDY
(LA1.D6) , M_.RRDY (LA1.D7) , M_BSYX (LA1.D1) , M_STATJ[1:0] (LA1.D9,D8) A3 X 1T
W3,

EMAX2asic NEBIRAE peO_status[3:0] ik C_A[3:0] (ZH XN TEY (FPGA O 1/0 »SEREIL TidAR
572\) FPGA ##HE 312 (LA2.D12,D11,D10,D9) IZTHMITE 2. AE, N—AMEHERELEL
UV EMAX2asic f YA 72—k, N—AMRERELEL T D AXI MASTER 1 VA7 = — A%
BT DB, CABOICEITIN-ANERZIET .

%k D TEMAX2asic-AXI MASTER 7'V w Ik 2B\ T

YL Y Y C_XINT (AG26—LA2.D15), C_XACK (AE27—LA2.D14), CXREQ (AG27—LA2.D13),
C_WEX (AK26 = LA2.D8) & EMAX2asic WEBIZIZHEERE XN TV ARV /28, FEkIZ EMAX2asic 1 ##5¢
XNTHWARNVLALO (R21 = LA1.D15), LA1.1 (P21 —LA1.DI14), LA12 (N27—LA1.D13), LA1.3
(N26 - LA1.D12), LA14 (P24—LA1.D11), LA1.5 (P23—LA1.D10), LA2.0 (AF12 = LA2.D7),
LA2.1 (AE12—LA2.D6), LA2.2 (AF13 —LA2.D5), LA2.3 (AE13 — LA2.D4), LA2.4 (AG16 —
LA2.D3), LA25 (AG17 —LA2.D2), LA2.6 (AD28 - LA2.D1), LA2.7 (AC28 = LA2.D0) k@&
T FPGA WD 5 %2 K 18 ETHIMTE 5.

2.2 JOvIBAVYT—2R

2.2.1 LMM

edb0[31:0]
edb1[63:0]

0 < T
N vad
EAG
from EX
[ [ ] ﬂ@

a[12:3] di[63:32] di[31: O]=——wide=—wex——en—clk
|£_+* if (wide=0) select low-word else high-word
if (wide=1|(wide=0 & a[2]=1)) & wex=0) we=1 else 0
if (wide=1 | (wide=0 & 8[2]=0)) & wex=0) we=1 else 0
by } Foy
addr[9:0]  din[31:0] ween clk addr[9:0]  din[31:0] ween clk
RAM-4KB RAM-4KB
dout[31:0] dout[31:0]
if (wide=0 & a[2]=1) select high-word else low-word
do[63:32] do[31:0]

» emb[63:0]
Figure.2.2: Structure of LMM.

22 &M 2312, EMAX2 NLMM O#ES L U4 A I V7 F ¥ — b &rRT.

2.2.2 EMAX2asic{ ¥ 7x—2R

24 1R & S51Z, EMAX2asic IHIY ViE, XEVNZES (82 4K), LU, A57—&2AES
(peO_status 23EfE I 1172 C_A[3:0) D 4 R) DEFH86 REINATSH. I 51T, CLK, RESET O 2 A%
Z 7285 88 AN EMAX 2asic IZEEf I NS, FREICE Y RINLESIE EMAX 2asic TIEEH L 2.
2.11TRT L DI, MICTOR I 127 RIZIX 88 KD D H 16 AWk I 71, MICTOR I %27 X DFkY 18 K
121X, FPGA DY V14 1 IZ#kIND.
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22, 7w IMA VAT T —A 32
clk TN N N N
en
wex write read
wide
a[12:3] <Al X X P X X X X D<A} X X X D——
di[63:0] <P PP P X XXX
do[63:0] <RI P PP PP I <X X X X PD—
Figure.2.3: Timing chart of LMM.
WL NNN N SN T <<
58228838 283845813 T008r500 YU3530IS
S22S5aeS>SE FoPFSxxaw <IIII<LIT IIIIII
OUOSTNNTHODDONOUTONTONDONOWUTNNLAODDONOUTNNHONDONOSTMNNAODO N OLWD
LOLLLLLOSSESITIIITIIITONNOMNOMMOMOMAANNNNNNNNNAAAAAAATAATOCO OO OO
T A A AT A AT A AT A A A A AT A A A AAAAAAAAAAAAAAAAAAAAAAAAAA A
00000000
SRR enT @
MMM MMM
[aYaYaYa)aYa)YaYa)
LLILILILLIL L, < Soocoocooo LI LLLL L
157 I _1_l_1_I_I_I IIIIIIIT Il _I_I_1_1_1I I_1_I_1_I_I_1_I 104
158 =====2=== =====2=== (SIS SIS IOLE) =S====2=== =====2=== 103
159 CHo[8](10) C_D[31](I0) 102 AC13
160 CHO[9](10) C_D[30](10) 101 AH13
161 CHO[10](10) C_D[29](10) ———100 AD16
162 CHO[11](10) C_DJ[28](I0) —— 99 AD15
163 CHO[12](10) C_D[27](10) —— 98 AJ16
164 CHO[13](10) C_D[26](10) ——— 97 AH17
165 C_D[25](I0) ——— 96 AK16
P26 166 M_ADSX(OUT) C_D[24](10) ——— 95 AF18
167 — 94
168 [ 93
T25 169 RESET(IN) C_D[23](10) ——— 92 AH16
P25 170 M_BSYX(IN) C_DJ[22](10) —— 91 AE18
W26 171 M_WEX(OUT) C_D[21](10) ——— 90 AF17
T24 172 M_BSTMX(OUT) C_D[20](10) ——— 89 AE17
V26 173 M_XREQ(OUT) C_D[19](10) ——— 88 ABI5
W25 174 M_XGNT(IN) C_D[18](10) ——— 87 AB27
u25 175 M_WRDY(IN) C_D[17](10) ——— 86 ABl4
W24 176 M_RRDY(IN) C_D[16](10) ——— 85 AC27
177 — 84
178 — 83
Y23 179 TCK(IN) C_XINT(IN) —— 82 AG26
180 GND C_XACK(OUT) [— 81 AE27
V23 181 TDI(IN) cfoESEjJUT) ——— 80 AG27
Y22 182 TRST(IN) CZA[BJ(OUT) ~ ——— 79 AH26
AB24 183 TMS(IN) C_AP2J(OUT) [——— 78 AF27
AD24 184 TDO(OUT) C_A[1](0OUT) —— 77 AJ26
185 GND C_A[0J(OUT) |——— 76 AH27
N29:PEO_CLKP 186 CLK(IN) VDDI (18V) C_WEX(OUT) p—— 75 AK26
. - 87 o 74
P29:PEO_CLKN 188 —_ VDDE(SBV) I 73
AA24 189 M_BEX[0](OUT) C_DI[15](10) — 72 AK27
AA23 190 M_BEX[1](OUT) VSS C_D[14](10) —— 71 AK28
AC24 191 M_BEX[2](OUT) - C_DJ[13](I0) —— 70 AH28
AE23 192 M_BEX[3](OUT) C_D[12](10) —— 69 AJ28
AA22 193 M_BEX[4](OUT) . R C_D[11](10) ——— 68 AJ30
AD23 194 M_BEX[S](OUT) Rohm180nm 12.5x12.5mm:10 milion gates CDMo10) [ —— 67 AH29
AF24 195 M_BEX[6](OUT) C_D[09](10) —— 66 AJ29
AF23 196 M_BEX[7](OUT) C_D[08](10) ——— 65 AK30
197 QFP208 | 64
198 — 63
AE21 199 M_STAT[O](IN) C_D[07](10) —— 62 AF29
AG25 200 M_STAT[1](IN) C_D[06](10) —— 61 AG29
201 CH1[8](I0) O C_D[05](I0) —— 60 AF30
202 CH1[9](10) C_D[04](10) ——— 59 AG30
203 CH1[10](10) C_D[03](10) ——— 58 AE25
204 CH1[11](10) C_D[02](10) ——— 57 AF25
205 CH1[12](10) C_D[01](10) —— 56 AD25
206 CH1[13](10) C_D[00](10) ——— 55 AE26
207 ——— 54
208 00000000 00000000 00000000 ©0000000 %8
OdNMTLON VDO HNM O
j[e=)=)==)= =)=} OO eded e ~N
[aYaYaYa)a)a)a)a) [a]aYaYaYa)a)a)a)
<(I<(\<(I<(\<(I<(I<(\<(I <(I<(\<(I<(I<(\<(I<(\<(I
S==3==== S==3>3===
ANMOTINONOODOTANMINDONODNO
A A A A A A A A AN
tdYImPoT O ONo e ND o
S80S0LTS  TISSOITY
LI LI

Figure.2.4: QFP208 DY VELE (JALDF F1: ZYNQ DHIEYE & 5)

ASIC (ROHM/TSMC : QFP208) DY VEEHIFIZRDMEY ThD.

e VDD(1.8V) :
[ )
e VSS:
155, 158, 168, 178, 187, 197, 207)
e JTAG H TDI, TDO, TMS, TCK, TRST :
e CLK, RESET AJJEY : G2V
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FF12€Y (11, 32, 52, 63, 84, 104, 115, 136, 156, 167, 188, 208)
VDDO(3.3V) : §F 12 €Y (1, 21, 42, 53, 73, 94, 105, 125, 146, 157, 177, 198)
Ah24 ¥y (2, 12, 22, 31, 41, 51, 54, 64, 74, 83, 93, 103, 106, 116, 126, 135, 145,

5 Y CREEMAKHZTIVT v 7)
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o —MEEM XY 153 Y. FARAA Y F VI FTHHMDEVE IR ARYE ViE, ERY VTR
B, BREY LI WELE. BRIV — T IARAS Y F Y THINY T 7 OFBEARE S
5. FARAAYF VI T7 7%, TOEEOHIINY 77 2MLSIO 0y 27 AJ1E UK
W, F72, RIANEY T OREIRBHEVIEFIICEIE. ASIC O 1/0 121%, BFEIS 2mA D R
T A NEHEE (ROHEMO0.18 DA IFLAT) .

— PC30B01 AHiAH. HAOHTIEYE XU OEN OF&EIFE 22fF (INV X 3 1ZHHY) . OEN X 8
EV R BRENT 2 121% 8 5 INV A3 A5,

— PC30D01 AJJEH. PAD 75 CIN OEIEIZ LT FO4/FO32 THY 200ps/300ps. INV X 32 &
THEERE) ] HE.

— PC30001 A, 175 PAD DB4EIFEfF 20pF /60pF T 5ns/10ns.

B 2.6 5K 2.7 12 EMAX2asic 1 YA 72— ADAA IV T F ¥ — N&RT.

CLK AN AN AN AN SN AN SR AR SN SR SR SR SR SN SR SR S
M_ADSX [\_V/

K READ_DA[TAZ ¥ F

M AD  1<A¢ \_D71

M_WEX Réad /

M_BSTMX | e o s
M_XREQ | ( \

M_XGNT ( +0, A

M_RRDY J N ssbii Uiz T
M_BSYX ¢ x ¥ b

sk *——x% sk
RKOXREQFEATAH]

Figure.2.5: EMAX2asic f ¥ X 7 =—ADAA IV F ¥ —h (READ)

CLK AN AN AN AN SN AN SR AR SN SR SR SR SR SN SR SR S
M_ADSX [\__V/
M_AD  1<A¢X DY

i XGNTZ 472 3M DEEAXRL WD Z & (T oty S iEd)
M_WEX [N\ Wi /

M_XREQ |
M_XGNT (&
M_WRDY

M_BSYX ¢

e /
/
M_BSTMX / ——" 71t v SN T S il
+Q

/T NEsdnagr

\Y

\—xfx/ [0)
ROXREQFEAT A ]

Figure.2.6: EMAX2asic f ¥4 7 = —AD XA IV 7 F ¥ — b (WRITE)
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CLK N\
M_ADSX [\_V/
M_AD —CAS
M_WEX Rekd
M_BSTMX |\ Burst (
M_XREQ | 4 |4 |4 14 (414
M_XGNT
M_RRDY
M_BSYX |

= 7'y YXENTEUT YD & il

~~ JEBURST ¥|L THAZ 2 i¥EREQ
/ l éﬁitﬂb%? E

\H X*: X*: /g( X*: X*: X*: X*: X*: X*: (0]

ROXREQFEATAH]

l
D
CLK TN N\ N N N S
REA >
—CA ¢

M_ADSX |
M_AD
M_WEX Rehad
M_BSTMX | Burst

M_XREQ | 4 4 4 4 4 4 (
M_XGNT b +0) + + +3| +4) 7/
M_RRDY (

M_BSYX

,)\

FRBERICFLER T —2R
TN A S S S N\ 4
M_AD

"\ "\
R R

M_BSTMX | Burst (

M_XREQ |

M_XGNT < oy Iy o Y Y /
N

CLK
M_ADSX

g7

(8| C

~
T~
T~
T~
T~
T~
e
\

M_RRDY

M_BSYX \ /
N—Z MNRIZFEERT—R
CLK

TN S S
M_ADSX

T\
s SFFEFFppfF
(

I

M_WEX Rehd

1 ™
M_BSTMX |\ Burst /
M_XREQ |
M_XGNT

/A
/‘ 7 A
M_RRDY /

M_BSYX \ /
N— MEIEERICFLEZT—R

—~
S
S
S
e
e
e

» L
<

)
=

5
\
=
\

—

Figure.2.7: EMAX2asic f ¥4 7 = —ADXA I V7 F¥—h (READ N—Z 1)
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CK SRR SN AN SN SN S D S N SN S U SN SRNED S U SN AN (N S N
M_ADSX  [\__|
M_AD —CA X DO DX X X X X X
XBNTZ2 29 1qM_DZ LI FD L wp 2 & (Fry ‘?t@f'a
M_WEX |~ [\wirite
|/ »
M_BSTMX Burst = 71t v Y hiX NI 25 ¥ il
M_XREQ / 4 4 4 4 4 4 i‘j
M_XGNT (( Y/ + + A oy G M T~ rdursTd LAl s inkRrEQ
M_WRDY - l L& %Qwﬁﬁi 1
M_BSYX & 4 I OXREQIGST A ™ « % b
CK SRR SN AN SN SN S D S N SN S U SN SRNED S U SN AN (N S N
M_ADSX |
M_AD —~<CAS D¢ \>C:X:DC:X:D(:%::
MWEX PN lwiite| | T /
N
M_BSTMX |\ Burst (/
M XREQ |\ / 4 |4 4 |4 |4 4 Y/
M_XGNT ( it +0 + + +3 +4 +5 +6) +7/
M_WRDY : / EREIARGE T
M_BSYX
R ERICHLEZT—2
CK SRR SN AN SN SN S D S N SN S U SN SRNED S U SN AN (N S N
M_ADSX |\
M_AD <A PX D X X XX i X
M_WEX N Write o /
l (\
M_BSTMX Burst ‘_f}
M XREQ |\ 4 4 4 4 4 4 /
M_XGNT ( \ +0( +]/ +2/ +3/ +¢%‘ +5/  +4 +7/
M_WRDY . / HROAAGE 7
M_BSYX
N—=R MRIIFLEZT—R
CLK AN AN SN SN AN AN AR SR AR G SN SN AN AN AR SR SN
M_ADSX  [\__|
M_AD —CA XD X X X X XX —
MWEX |\ Write YA
~
M_BSTMX |\ Burst (
M XREQ |\ 4 4 4 4 4 4 Z
M_XGNT ( \_+O/ +]/ +2/ +3/ +4/ +5/ +6¢£ ?#15‘\—4-74
M_WRDY - / HREGAATE T / A\
M_BSYX

N=—ZA MEIEERICHFLEET—2R

Figure.2.8: EMAX2asic 1 V2 7 = —ADAA IV 7 F ¥ —k (WRITE /S—2 )
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2.2.3 EMAX2#®IEA 97—

Table.2.1: EMAX2 flfiA( V& 7z —A

F54 ERIEL:

MO_XREQ out | FAlRSRERIES, Active-LOW

MO_XGNT in | ERZMNETIES, ActiveeLOW. N—ZA NE, RO T— & % 1%(Z
T2 L ZRT

MO_-WEX out | EEAARAL 2 — ), Active-LOW

MO_BSTMX out | N—A ME— R, Active-LOW. HIGH IR %D®A D CLK 1T »°
IN— A N HEIE D B[]

MO_BEX]7:0] out | MO_LAD_OUT BT —& TH2DHED byte ¥ifiid TAAA 3 — T,
Active-LOW

MO_ADSX out | 0 DA MO_AD_OUT X7 RV A, 1DEET—X

MO-AD_OEX][63:0] | out | MO_AD_OUT D4 bit (2559 % Hi 1A % — 7, Active-LOW. 4
bit {2 (MO_ADSX & MO-WEX) 23t X b

MO_AD_OUT[63:0] | out | MO_ADSX 230 D¥F4& 7 KL A (bit27-3 DAER)), 1 DEET—XR
MO-AD_IN[63:0] in | AIT—4

MO.WRDY in | EFAAKETIES, Active-HIGH. AMEEDH YV MZ LY EMAX2
FEZAAT T 2HD

MO_-RRDY in |#AHUSETIES, ActiveeHIGH. A{E 512 &) EMAX2 &
MO_AD_IN OFWME % LY AL

MO_BSYX in | BfEhERTEY—1E5, Activee-LOW. HIGH KRS R DS M TR
ERITTEXDHILERT

MO_STAT][1:0] in | IREEFXRIES, STAT1-0 (0:empty 1:EMAX2end 3:EMAX2start)

&, FEY RUAANDE SIAAMEZ KRS 5

K21 ICEMAX2 A VA 72— ADRA IV I F ¥ — N%&RT.
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2.2.4 AXI fifo141 9% 7x—2R

nodul e axi _naster _fif
(paraneter integer
par aneter integer
par aneter integer
par aneter integer
paraneter integer
paranet er i nteger
par aneter integer
par aneter integer
par aneter integer
paraneter integer
paranet er i nt eger

WV ARRRRRERRE

=

par ane
 defi ne A><IFCL032( =(1<< 0)? 0: (n)<=(1<< 1

) ?
=(1<< 8)? 8:(n)<=(1<< 9)? 9:(n)<=(1<<10) ?10: (n
(n) )
n,
| ocal parami nteger C MAX &,FSTOJNI’WDH—! C MAX
| ocal parami nt eger ADDRVASK WDTH = “ AXI F_C LGG 2(C MAX _| MTAWDm/ 8);
(

input wire AQLK
input wre ARESETN
11

i nput user_wite_enq,

input [CMAX _DATA WDIH1:0] user_wite data,

out put user_wite_al nost_full,
i nput user_read deq,

output [C MAX _DATA WDTH 1: 0] user_read data,

out put user_read_enpty,

/1 Command Channel

input [C MAX _ACDR WDTH 1: 0] user_addr,

i nput user _read_enabl e,

i nput user_wite_enabl e,

input [8:0] user _wor d_si ze,

output reg user _done,

output wre

T T e

/1 Master Interface Wite Address

CHAPTER 2. EMAX2ASIC/ZYNQ HARDWARE

00000000)
1:(n)<=(1<< 2)? 2:(n)<=(1<< 3)? 3 (n)<x(1<< 4)? 4:(n)<=(1<< 5)? 5:(n)<=(1<< 6)? 6:(n)<=(1<< 7)? T:
1<<11) ?11:
1 (n) <=(1<<18) ?18: (n) <=( 1<<19) ?19: () <=(1<<20) 220: (n) <=(1<<21) ?21: (n) <=( 1<<22) 222: (n) <=( 1<<23) ?723:
<=(1<<24) 24; (n) <—( 1<<25) ?725: ( n) <=( 1<<26) ?26: (n) <=(1<<27) ?27: (n) <=(1<<28) ?728: ( n) <=(1<<29)

_ACDR WDTH +

n) <=(1<<12) ?12: (n) <=( 1<<13) ?13: (n) <=( 1<<14) ?14: ( n) <=( 1<<15) ?15:

229: (n) <=( 1<<30) ?30: (n) <=( 1<<31) ?731: 32)

output wre [CMAX_THEAD | D WDTH 1: 0] MAX _AWD, /1 assign MAX _AWD =’ b0,

output wre [CMAX “ADDR WDTH 1: 0] 1 AX _AMIDR /1 assign MAX_AMIIR = C MAX _TARCET + awaddr_offset; internal _regk
output wre [81:0] AN _ANWEN /1 assign MAX _ANEN = user word si ze buf_nd; *internal _regk
output wre [3-1:0] AN “AVEl ZE, /1 assign MAX A ZE = * A F_C [Q5 2(C MAX _DATA WDTH 8);

output wre [2-1:0] 1AX _/ B /1 assign _ABURST = 2 bOl

output wre 1| AX _AWAK /1 assign MAX _ANAXK = 1" bO;

output wre [4-1:0] | AX _ANCACHE, 11 assign MAX _AWAGHE = 4' b0011;

output wre [3-1:0] 1 AXI _AWPROT, 11 assign MAX _AWROT = 3’ ho;

output wre [4-1:0] 1 AX _ANXS, /1 assign MAX _ANCS = 4' hO;

output wre [CMAX_ANBER WDTH 1. 0] 1 AX _ANBER /1 assign MAXI_ANEER = ' b0;

output wre | AX_AWALI D /1 assign MAX_AWALID = awal i d; *internal _regk
input wre 1 AN _ANREADY, 11

/1 Master Interface Wite Data

output wre [CMAX _DATA WDTH 1: 0] | AX _VIDATA /1 assign MAX _VIDATA = wdat &; *internal _regk
output wre [ CMAX _DATA WDTH 8- 1: 0] TAX _VETRB, /1 assign MAX VBTRB = {(C MAX _DATA WDTH 8){1’ bi}};

output wre 1 AX _WLAST, /1 assign MAXI_WAST = wast; *internal _regk
output wre [CMAX_WBER WDTH 1: 0] 1A _WEER /1 assign MAX _WBER ='b0;

output wre 1A _WALID /1 assign MAX_WALID = wal i d; *internal _regk
input wre 1 AXI _WREADY, 11

/1 Master Interface Wite Response

input wre [CMAX _THREAD | D WDTH 1:0] MAX_BID,

input wre [2-1:0] | AX _BRESP,

input wre [CMAX_BUSER WDTH 1: 0] A _BUSER

input wre 1AXI _BVALI D,

output wre | AXI _BREADY, /1 assign MAXI_BREADY = C MAX _SUPRCRTS WR TE,

/1 Naster Interface Read Address

output wre [CMAX _THEAD IDWDTH1:0] MAX_ARD /1 assign MAX_AR D ="h0;

output wre [C MAX_ACDR WDTH 1: 0] 1 AX _ARACDR /1 assign MAX_ARADDR = C MAX _TARET + araddr _offset; *interna _regk
output wre [81:0] |AX _ARLEN /] assign MAX_ARLEN = user V\D rd_si ze_buf internal _regk
output wre [3-1:0] 1AX _ARSl ZE, /1 assign MAA_ARSIZE ="' AXF CLGG2(CMAX " DATA WDTH 8) ;

output wire [2-1:0] 1 AN _ARBURST, /1 assign MAX _ARBURST = 2’ b01;

output wre [2-1:0] 1 AX _ARLAK 11 assign MAX_AR.QX = 1'b0;

output wre [4-1:0] | AX _ARCAGHE, 11 assign MAX _ARCAGHE = 4 b0011;

output wre [3-1:0] 1 AXI _ARPROT, Il assign MAX _ARPROT = 3" hO;

output wre [4-1:0] 1AX _/ /1 assign MAX _ARYXS :4h0

output wre [CMAX _ARUSER WDTH 1: 0] 1A _ARDBER /1 assign MAX _ARUBER = ' bO;

output wre AX _ARVALI D /1 assign MAXI_ARVALID = arvalid, *internal _regk
input wre 1 AN _ g

/1 Master Interface Read Data

input wire [CMAX _THREAD ID WDTH1:0] MAX_RD

input wre [CMAX _DATA WDTH 1: 0] 1AX _RDATA

input wre [2-1:0] 1 AN _RRESP,

input wre 1 AX _RLAST,

input wre [CMAX_REER WDTH 1: 0] AN _RBER

input wre 1AXI _RVALI D,

output wre 1 AX _RREADY /1 assign MAXI_RREADY = laxi _read_al nost_full; *internal _regk

wre axi _wite_deq;
wire [CMAX _DATA WDTH 1: 0] axi _wite data;
wre axi_wite_enpty;

axi _read_enq;

reg
reg [CMAX _DATA WDTH 1: 0] axi_read_data;

wre axi _read_al nost_full;
Il Wite
axi _data fifo
#(. mTAWmHC_ AX_DATA WDTH,
ACCR WDTH H FO AR WDTH )
i nst _wite fifo
(. ACCK(AQLK

.data_in(user_wite data),
.data_out(axi _wite_data),

. enq( user wnte > enq),
.deq(axi _wite_deq),
/1 Read
axi_data fifo
#(. mTAWDﬂ{ MAX _DATA WDTH),
WDTH A FO ATDR WDTH )
i nst readf fo
(. AQK(ACK),
.eng(axi _r ead_enq) )
. deq(user _read_deq),
endnodul e

.alnost_full (user_wite_al nost
.enpty(axi_wite_enpty));

.data_i n(axi _read_dat a),

.data_out (user_read_data), .enpty(user_read enpty));

Figure.2.9: AXI FIFO
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_full),

.alnost_full (axi _read_al nost_full),
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nodul e axi _data fifo #

par anet er integer DATA WDIH = 32,

paraneter integer ADCR WDIH = 4,

paraneter integer ALMCST_FUL THRESHOD = 3,
paraneter integer ALMOST BWPTY THRESHAD = 1)

i nput ALK
i nput ARESETN
input [DATA WDTH 1:0] data in,
i nput enq,
out put reg full,
out put reg al nost_full,
out put [ DATA WDITH 1: 0] data_out,
i nput deq,
out put reg enpty,
out put reg al nost _enpty
);
axi_data fifo ram
#
. DATA WDTH DATA WDTH),
. ADCR WDTH ACDR WDTH
inst_ram
CAQK(AQK),

.addrO(ramaddr0), .data_inO(ramdata_ inO), .wite_enabl eO(ramwe0),
.data outO(ramdata out0),

.addri(ramaddrl), .data_inl(’'h0), .wite_enabl el(1 b0),

.data out 1(ramdata out1)

)
endnodul e
nodul e axi _data fifo_ram#

paraneter integer DATA WDIH = 32,
paranet er integer ADDR WDTH = 4)

(
i nput ALK
input [ADDR WDTH 1: 0] addrO,
input [DATA WDITH 1: 0] data i nO,
i nput wite_enabl e0,
out put [ DATA WDIH 1: 0] data out 0,
input [ACDR WDTH 1: 0] addr1,
input [DATA WDIH 1:0] data_ini,
i nput wite enabl el,
out put [ DATA WDTH 1: 0] data outl

endmbdul e

Figure.2.10: AXI FIFO « > &% 7 =— 2% (2/2)
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2.2.5 AXI master1 V%7 xT—2X

nodul e axi _naster_interface #

(paraneter integer C MAX _THREAD | D WDTH
paraneter integer CMAX _ACDR WDTH
paraneter integer C MAX _DATA WDTH
paraneter integer C MAX _AWBER WDTH
paraneter integer C MAX _ARUSER WDTH
paraneter integer CMAX
paraneter integer CMAX
paraneter integer CMAX
paraneter integer CMAX
paraneter integer CMAX
par anet er CMAX
| ocal par am BURST_F XED =
| ocal param BURST_INOR =
| ocal par am BURST_VRAP =
‘define AXF_CLGG2(n) (g

i
g99

gg

Hh00000000)

§§

2

2 bOl

2

)<-(1<< 0)? 0: (n)<=(1<< 1)? 1:(n)<=(1<< 2)? 2:(n)<=(1<< 3)? 3:(n)<=(1<< 4)? 4:(n)<=(1<< 5)? 5:(n)<=(1<< 6)? 6: (n)<=(1<< 7)? 7:

n)<=(1<< 8)? 8:(n)<=(1<< 9)? 9:(n)<=(1<<10) ?10: (n) <=( 1<<11) ?11: (n) <=(1<<12) ?12: (n) <=( 1<<13) ?13: (n) <=( 1<<14) ?14: ( n) <=(1<<15) ?15:
(n) <=( 1<<16) ?16: () <=( 1<<17) ?17: (n) <=( 1<<18) ?18: (n) <=( 1<<19) ?19: ( n) <=( 1<<20) ?20: (n) <=( 1<<21) ?21: ( n) <=(1<<22) ?22: (n) <=( 1<<23) ?23:
(n) <=(1<<24) 224: (n) <—( 1<<25) 725 (1) <=( 1<<26) 226 (In) <=( 1<<27) ?27: () <=( 1<<28) 728 () <= 1<<29) 729: () <=( 1<<30) 730: () <=( 1<<31) 731 32)

I(oca]parammteger C MAX _ACDRVASK W ‘AX1_CLA52(CMAXI_DATAWDIH/ 8);

input wire ACLK
input wre ARESETN
/

/1 Wite Address

input wire awal i d, /] avaddr &% (EfTavaddr Haw enMfEb & ICEbDN D)

input wre [CMAX_ACDR WDTH 1: 0] awaddr, /1 awaddr

input wire [8-1:0] awl en, [ "= MR(l en+l)

output wre awr eady, /1 aw eady=07% Hawal i d& awaddr & HALD

/1 Wite Data

input wire wal i d, 11 V\dataﬁidj

input wire [CMAX _DATA WDTH 1: 0] wdata, /1 wdat

input wire w ast, 1l Weadyﬁ‘ BELDs| aveDIHE, burst mEIC1E LARIF NI S0
output wre wr eady, /1w eady=073 Swal i d&wdat a% HILD

/1 Wite Response
output wre bval i d, Il awa idiCRT 2SI avRT
/1 Read Address

input wre arval i d, /1 araddrB% (%fTaraddr arl endMEbNRICHEDNS)
input wre [CMAX_ACDR WDTH 1: 0] araddr, /1 araddr

input wire [8-1:0] arlen, 11 "= M R(l en+l)

output wre arready, /1 arready=07% Harval i d& araddr ZHALD

!/ Read Data

output wre rvalid, /1 rdataB%h

output wire [C MAX _DATA WDTH 1: 0] rdata, /1 rdata

output wre rlast, /1 burst &&IC1

input wire rready, /1 rready=0IC ¥ % &rvalidérdatazHADL T< 3

/1 Master Interface Wite Address

output wre [CMAX _THEAD | D WDTH 1: 0] MAX_AWD, /1 assign MAX_AWD =’ ho;
out put Wre[CMAXl ADDR WDTH 1: 0] | AX _AMICR /1 assign MAX_AWIR = C MAX _TARGET + awaddr; i nk
output wre [8-1:0] 1A _AWEN /1 assign MAX_ANEN = awen; *i nk
output wire [3-1:0] | AXI _AV ZE, /1 assign MAX_AMH ZE = C MAX _ADDRVASK WDTH
output wire [2-1:0] 1 AX B /1 assign MAX _AVBLRST = BURST_I NR
output wre | AX _AWGK, /1 assign MAX_AWQX = 1'ho;
output wire [4-1:0] | AX _ANACGHE, /1 assign MAX _AWAGE = 4’ b0011;
output wre [3-1:0] | AX _AWPROT, /1 assign MAX_AWROT = 3'hO;
output wre [4-1:0] | AX _ANS /1 assign MAX_AWICS = 4'hO;
output wre [CMAX_ANSER WDTH 1: 0] | AN _AWBER /1 assign MAX_AWBER ='h0;
output wre 1 AX_AWALI D /1 assign MAX_AWALID = awal i d; *i nk
input wre | AX _ AWREADY, /1 assign aw eady = MAX _AWREADY; out *
/1 Master Interface Wite Data
output wire [C MAX _DATA WDTH 1: 0] | AX _VIDATA /] assign MAX_VIDATA = wdat a; *in
output wre [CMAX _DATA WDTH 8-1: 0] AN _VETRB, /1 assign MAX _VETRB :{(c MAXI _DATA WDTH 8) {1’ bl}}
output wre 1 AXI _WAST, /1 assign MAX _WAST = wast;
output wire [C MAX _WBER WDTH 1: 0] 1 AX _WBER /1 assign MAX_WEBER ='h0;
output wre 1A _WALID /1 assign MAX_WALID = walid; *i nk
input wre 1 AX _WREADY, /1 assign weady = MAX _WREADY, out
/1 Master Interface Wite Response
input wre [CMAX_THREAD ID WDTH 1: 0] MAX _BID
input wre [2-1:0] | AX _BRESP,
input wre [CMAX_BUSER WDTH 1: 0] |AX _BUSER
input wre 1 AX _BVALI D /1 assign bvalid = MAX_BVALID sout %
output wre T AX ~BREADY, /1 assign MAX _BREADY = C MAX _SUPPCRTS WR TE,
/1 Master Interface Read Address
output wire [CMAX _THEAD ID WDIH 1: 0] MAX_ARD I/ assign MAX_ARD  ='h0;
output wire [CMAX _ADDR WDTH 1: 0] 1 AXI _ARACCR /1 assign MAX_ARADDR = C MAX _TARGET + araddr; i nk
output wire [8-1:0] |AX_AREN /1 assign MAX_ARLEN = arlen; *ink
output wire [3-1:0] | AXI ARSI ZE, /1 assign MAX_ARSIZE = C MAX _ADDRMASK WDTH
output wire [2-1:0] 1 AX _ARBURST, /1 assign MAX _ARBURST = BURST_INR
output wire [2-1:0] | AX _ARLOK, /1 assign MAX_ARQX = 1'h0;
output wre [4-1:0] | AN _ARCACHE, /1 assign MAX _ARCACHE = 4’ b0011;
output wre [3-1:0] | AX _ARPROT, /1 assign MAX_ARPROT = 3'hO;
output wre [4-1:0] | AX _ARIS, /] assign MAX_ARQDS = 4’ hQ;
output wire [CMAX_ARBER WDTH 1: 0] | AN _ARBER /1 assign MAX_ARBER ="h0;
output wre 1AX_ARVALI D, /1 assign MAX_ARVALID = arvalid; *ink
input wre 1 AX _ARREADY, /1 assign arready = MAX _ARREADY; *out k
/1 Master Interface Read Data
input wvire [CMAX _THREAD IDWDIH1:0] MAX_RD
input wre [CMAX_DATA WDTH 1: 0] | AX _RDATA /1 assign rdata = MAX _RDATA out k
input wre [2-1:0] | AX _RRESP,
input wre 1 AX _RLAST, /1 assign rlast = MAX _RAST; out
input wre [CMAX_RBER WDTH 1. 0] | AX _RBER
input wre 1AX _RVALID /1 assign rvalid = MAX_RVALID out
output wre 1 AX _RREADY /1 assign MAX _RREADY = rready; *i nk
):

endnodul e

Figure.2.11: AXTI MASTER 1 V&4 7 = —2A
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2.2.6 EMAX2asic—AXI master 7'Y) v J{t#k

CLK AN AN AN SR AN AR AR AR SN AR SR AN SN AN AN SN AN
M_ADSX [\ U/

izREAD_DATA? YT

b LJ

M_AD —( A¢ ‘D71
M_WEX Read /
M_BSTMX (’\,// iy s J;Nr%m:gd%%ﬁw
M_XREQ |\ /

XREQ ARREADY| & ~M Ak & ~M_XREQ#% 32| TXENT=(
M_XGNT ( +Q M_BSTMX=1,M _XAGNTE0% 31 TXGNT=[L
M_RRDY / M_RRDY=RVAL|D

M_BSYX ¢ G S A S S | N VS

ARADDR 7

ARLEN 1

ARVALID=M_ADSX

S L
5

ARVALID
ARREADY /
RREADY
RVALID / \
RDATA Y
RLAST / \

Figure.2.12: EMAX2 AXI 7'V v V{l:fk (READ)

CLK TN N L N S N S\
M_ADSX [\ U/
M_AD 1 X Do
- XBNT % 473 10M D& X2 2 b = v (Frbly )
M_WEX rite
M_BSTMX ~N L —T1 7t YAIXGNI B IS X il
M_XREQ |\ (/
71
M_XGNT (&}:{0
M_WRDY A\ M_WRDY +=WREADY & WVALID&WLAS]
M_BSYX ¢ \_|| Y
AWADDR < A¢
AWLEN 1<l
y
AWVALID I/~ I\ AWVALID3M ADSX
AWREADY
WREADY /T XGNT=WREADY&WVALID
WVALID / WVALID=M_ADSX & ~M_XREQ
WDATA Sh
WLAST / WLAST=M BSTMX & M_AD$SX & HM_XREQ

Figure.2.13: EMAX2 AXI 7V v Y15 (WRITE)
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CLK AN AN AN SR AN SR AR AR SR SR SN AN SN AN SN SN A
M_ADSX | READR DA[TA 5 ¢

M AD  T{AC ‘Dféng ﬁqéqéqéq

N N

M_BSTMX | Bursl ( ﬁ;? E”rzt\iwﬁx Nré&zt{%d%%ﬂiﬂ

M_XREQ |\ \ \

M_RRDY
M_BSYX §

J
od
4 4 4 4 4 4 @\ 4( \
M_XGNT (>_+0/ +1./ +2./ +3/ +4 \{ 7 ~ JPelRrsTY|L < fnt;ﬁ-;\eqreeq
AV

|y A ARREADY & ~M |ADSX & ~M_XREQ% Z If TXGNT=0
ARADDR <A M_BBTMXELM _KJNTF0Z Z[F CXENT=]
ARLEN <Lt
y

ARVALID |/~ M\ _ARYALID=M_ADPSX
ARREADY
RREADY
RVALID / \
RDATA DX X X X oxX oxX_oxX @
RLAST / N\
CLK AN AN AN AN SN AN SR AR SN SR SR SR SR SN SR SR S
M_ADSX |\ _/ READ DATAS 4.7 ! ¢ Lo L
MAD 1 A_"ad X<
M_WEX R

wex [ o
M_BSTMX |\ Burst / ( { { { {
M_XREQ | 4 |4 14 14 |4 4 \ \ \ \
M_XGNT ( >_J+° ”./ +2/ +3/ +4j 1 ’
M_RRDY / M_IIRDY:IRVAL D /
M_BSYX (0] \—X X X X H—H—F X X X X X X/ (0]

N A MRICFLEEET—R
|y 21 ARREADY & ~M |A[DSX & ~M_XREQ% Z If TXGNT=0
ARADDR T A¥ M_BBTMXELM _KGNTF0Z Z[F CXENT=]
ARLEN b
y

ARVALID I/~ M\LARYALID=M_ADSX
ARREADY
RREADY
RVALID / I/ \
RDATA DX oxX oX  oXw o o o
RLAST

Figure.2.14: EMAX2 AXI 7'V v Y1k (READ /N— A 1)
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CLK AN AN AN SR AN SR AR AR SR SR SN AN SN AN SN SN A
M_ADSX |
M_AD 1 ASX DEX X X X IX X X ]
XENTZ2 72 IIM_DEELIF 2 L P 2 & (FuY %—H
M_WEX Write
M_BSTMX Burdl = 71 v Y| AXCN U 35 il
M_XREQ | /4 4 (4 14 |4 |4 Jj
71
M_XGNT <Q HOf ty o +3f +af o) ) 4~ rdurstd L catinmifreQ
M WRDY M_WRDY +=WREADY & WVALID&WLAS] N
- N
M_BSYX ¢ % x )
AWADDR T A¥
AWLEN {4
y
AWVALID I/ AWVALID=M| ADSX
AWREADY
WREADY AGNTSHWREADY & WVALID
WVALID WVALID=M_ADSX & ~M_KREQ
‘_
WDATA <D O X X X X X
WLAST WLAST=M_BSTMX|& ~M |XRE "
CLK AN AN AN SR AN SR AR AR SR SR SN AN SN AN SN SN A
M_ADSX |
M_AD 1< APX DX X X X ] 5 X ]
M WEX | Write il
M_BSTMX Burst
M_XREQ | 4 |4 |4 |4 |4 / 4 /
41)/ +]/ + +3/ +Al/ +5/ +6f +7
M_XGNT ( >,_‘ vi {@g‘
M WRDY M_WRDY <fWREADY & WVAL|ID&WLAST
- N\
M_BSYX ¢ H %% ;Iz x ;Iz %% )
W= NRIZHFEES
|y At AWREADY & ~M ADSk & ~M XREHQ% 2|3 Tff
AWADDR T Al¥ M_BSTMXELM_KGNT$0% %217 CXGNT=1
AWLEN
y
AWVALID I/ AWVALID=M| ADSX
AWREADY
WREADY
WVALID WVALID=M_ADSX & ~M_KREQ
‘_
WDATA DX X X X
WLAST WLAST=M BSTMX|& M_ADSX & ~M N

Y.Nakashima Proprietary & Confidential

Figure.2.15: EMAX2 AXI 7'V v Y{LAk (WRITE N—2A |)
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43 CHAPTER 2. EMAX2ASIC/ZYNQ HARDWARE
2.3 Uty h/EB/ETFIES LOCERBEH
Table.2.2: Vv b /#E) /T A VX7 x—A & EFLIRZER
AX-HFO Not es from BEMAXR2 fromARM
of f set =0x00000000 Reset (BVMAX2. RST=1 -> 0) -- out of space -- Kfor wite
of f set =0x00000004 Sart BVMAXR (M STAT=3) -- out of space -- K for wite
of f set =0x00000008 Satus of BEMAXR2 -- out of space -- X for read
rdat a[ 3: 0] =pe0_st at us
AX - MASTER Not es from BEVAXR2 fromARM
Ox1f ffffff-0x00000000 | DOR3 Mirtual (low512MB) | -- out of space -- RNM rtual Space by G5

Ox3fffffff-0x20000000

COR3 Physi cal  (hi gh-512MB)

RWbur st / non- bur st

RWPhysi cal by nmap()

0x2000007f - 020000078

BEVAXR Handshake S atus Reg
L2CT_0000 bhit5-4

WO X A & BFM STAT=0
W1 X A A BFM STAT=1
N—2 NEEER

KAMBEIIEREI W

WOZE X A HBFM STAT=0
W2 X A BEM STAT=2
WBZE X JAHBFM STAT=3

KAMBEIREI W

AX - Fl FON0x0003%

ggo stat us[ 3: 0] =9M
EXALZLET

SHTB (CM STAT=1&

) M STAT=3/C 78 %
0x200027f f - 0x20002000 | conf 8word*64 = 2KB RD bur st VR non- bur st
0x200063f f - 0x20006000 | regv0 4word*64 = 1KB RD burst base_of f set =0 | VR non- bur st
0x200083f f - 0x20008000 | regvl 4word*64 = 1KB RD burst base_of f set=1 | VR non- bur st
0x2000a3f f - 0x2000a000 | | MmO 4wor d*64 = 1KB RD burst base_of f set =0 | VR non- bur st
0x2000c3f f - 0x2000c000 | | nm1 4word*64 = 1KB RD burst base_of f set=1 | ViR non- bur st
0x201f f f f f - 0x20100000 | data-i o#001 al i gned to 1MB | RWbur st RWnon- bur st

© (nax 511 bl ocks)
Ox3fffffff-Ox3ff0O0000 | data-io#511 aligned to 1IMB| RWburst RWnon- bur st

EMAX2asic DVt N /EE /T AV 8 7 2 —AB X USREATEER ZYNQ ‘Eéa'lz%f%*éﬁaﬁ%é% 2.2 TR
ARM (24D AXI FIFO IZZVFa—3 N2V Yy IV R (offset=0, val=1) &, —EHfH (512 ¥
27V /52.6MHz #£/%) , MO_RESET % 1 & L72#4120 £ 9% FPGA V\]Iﬁlﬂ%tiﬂb Y v 2T —
A RESET % U T EMAX2asic A% V&> 9 5. EMAX2asic 2 MLAD 2@ U CHN$T57 R A
MEHIE, 8 NA MERT RLVATHY, MAD[28:3] DANAINTH 2. I 0x20000000 % OR U 7-1H
METRT RLAL UTHEAING. §4bb, EMAX2asic WREAEEAR Eii2E/I%, EA7 512MB T
H%. EMAX2asic I&, EMAX2asic f Y& 7 = —AN—R7 =7, AXIFIFO IZT Y ¥ a—3n/-EH)

¥ R (offset=4, val=1) 123D & M_STAT[1:0] (2 3 # KMLF 2 Z 2k RET . A, LEH
(2, EMAX2asic IV /51 IR U 72 HlEER (conf(]]], regv(][], BT, Immil][]) ZEENRT—X
L HIZ, ARM IC &Y EZE EICHE L AT ER S8\, EMAX2asic TlE, ¥ 7081 75 1=27
FEEEANE ICARTH Y, ROEHEHE M T S regv(][] & U lmmi[][] 1&, baseoffset=0 DH&, &4
0x20006000 ¥ & U 0x2000a000 %5, base_offset=1 DL, % 0x20008000 F & U 0x2000¢000 5> & Hi
HXNd, HENRT—XIE, 0x20100000-0x 3 OHIPHIZHlE U & 1T HUE% 5 AWy, EMAX?2asic A3H)
E%f4 79 % &, pelstatus (2 STATUS_WAIT(9) 2 #/R"9 5. EMAX2asicf YA 7z —AN—RJ L7
MY, STATUS_WAIT |Z5:5 & M_STAT[1:0] (2 1 2 KBtX ¥ 2 Z &2k Y, EMAX2asic IZFFIRRRIZHE
$5. V7 hUxTE, AXLFIFO 25 @it U2 fE (peO_status) A'STATUS_IDLE(0) (ZZfbkL 72 &
=3 > 7T, EMAX2asic DEIfEE T 2815 Z LM TES.
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2.4 EfEIREEEBR

4 N

struct emax2 {
Uint peO_status
Uint unit_offset

NI
~
*

current mapped insn_row[0] */

Uint unit_edb_cmd

Uint unit_edb_cmd_d1
Uint unit_edb_cmd_d2
Uint unit_ctl_count
Uint unit_select_row
Uint unit_select_col :
Uint unit_select_row_dl:
Uint unit_select_col_d1l:
Uint unit_edb_valid
Uint unit_edb0

Ull wunit_edbl

Uint unit_emb_valid

~
*

0:idle, 1l:conf, 2:regv, 3:1lmmi, 4:1lmm_load, 5:exec, 6:1lmm_drain */
delayl */

delay2 */

unit counter */

bitmap O:off 1:selected */
bitmap 0:0ff 1:selected */
delayl */

delayl */

edb_valid (for HDL only) */
write_data regno/lmm_address */
config/write_data to unit */
emb_valid (for HDL only) */

N
* X *

~
*

= =
=B O RO N W Www
~
*

D W
=N
* X X X ¥ ¥

Ull unit_emb 64; /* read_data from unit */
struct ctl ctl_old[UNIT_DEPTH] [UNIT_WIDTH];
struct ctl ctl_new[UNIT_DEPTH] [UNIT_WIDTH] ;

struct ddr3_tlb ddr3_t1lb[UNIT_DEPTH] [UNIT_WIDTH];

Uint prev2_status;

Ull wunitl_status[UNIT_WIDTH]; /* 1bit corresponds to each unit (exl,eag), O:stop 1l:run */

Uint prevl_status;

Ull unit2_status[UNIT_WIDTH]; /* 1bit corresponds to each unit (ex2,lmm), O:stop l:run */
} emax?2;

. J

Figure.2.16: General control information of EMAX2.

HOST {2 & ) DDR3 IZ&HH X 2072 BlEIE % 4 unit 12AZE T 2 72O HT B HIEES 2 X 2.16 123
9. KHEEES1E, pelOstatus DAEIZIN U TULRD K S IZEIET 5.

2.4.1 Idle (peO_status=STATUS_IDLE(0))

M_STAT 7% 3 THRWEGEIXREEZHMRFT 5. M_STAT 5% 3 D54, peldstatus=STATUS_CONF |Z&
%L, unitedb.emd B& P wrdye (AT V&) 202y g 5.
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2.4.2 Unit configuration in progress (pe0_status=STATUS_CONF(1))

CLK SR AR\ SRNID SRNI) ARNIV RNV SN AR NI SR NED ARNIV ANV SR NI SR\ SRNED SRNEY SR SN
M_ADSX |\__|

M_AD  T<A] < DIX XXX o— <X X o—1——
M_WEX | Reld &

M_BSTMX Burst

M_XREQ | 4 4 |4 4 |4 4

M_XGNT ( +Qf +1 42 +3 +4/g76\ +5f +6) 7Y X rmlcgrts sz

M_RRDY J t\ t\ —
M_BSYX

wrdyc Q '\ ibﬁh ¢ 5 ht

unit_edb0 >\€I><Z><Z><E 1 X 2P 3]
unit_edbt REA:_DATAswf-@gbbcbcbc» <X
unit_edb_valid /

unit_cmd 1 - - ><i>
unit_select_row ('QQ_(XJQ_(F]OOOO'X)OO Q \0000')001 1mnr\nm 00000
unit_select_col 11000 \ gl 1 1

cont_recisers | ’EEC>C>C>C>"—C>C>C>

Figure.2.17: EMAX2asic ¥ ¥ &# 7 = — A conf]][] = wnit[][] D& 1 I v 7/ F ¥ — 1

conf[][] % JEIZ4 unit DK% ZHE T 5. confl]]]| HHAKELETH S%4E, DDR3 IZSRET,
EMAX2 WD > 7 MEREIZ & D conf])[] 2 BFAHT 2 (WIHIE TV TIIAKEIZMSTHS). DDR3 22
W9 2554, M_AWEX=1, M.BSTMX=0 (/N—AKVU—FK) Z{fifiL T DDR3 "5 conf[][] Z&iAHd. 8
N MEAN—=A M) — REIX256 THD (ARLEN=255 Z57%) . % unit &, unit_edb_cmd, unit_edb_valid,
FEEYY v~ 7 (unitselectrow) DFZXFTEY K, LT, FHEELYY b~ 7 (unit_select_col) D
By NEEALTH Y, unit_edb_emd=1, »*2, unit_edb_valid=1, 72, ZME Y 231 DHHIZ,
EDBO[1:0] DNE % & XAASMRIER L ¥ AL 70— T#HH+ (0-3), EDB1[63:0] DE % WG H#H L
VAREE UTEZIAAZITD. £TO unit (U TEIIAANE T T D L, pelstatus=STATUS_REGV
BB TD. BAIVIFr—bEX21TITIRT.
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2.4.3 Register initialization in progress (peO_status=STATUS_REGV(2))

CLK TN N
M_ADSX [\__|

M_AD <Al <DPX XXX oo oo
M_WEX _ Rekd (’\

M_BSTMX Burst

M_XREQ | 4 4 |4 4 |4 4

M_XGNT ( QY N+ +3 +4/ﬁ—g\ R A S/ VNS S YN YV PRy

M_RRDY . t\ t\ —
M_BSYX

wrdyc Q '\ ibﬁh ¢ 5 ht

unit_edb0 >\€I><E><Z><E 1 X P 1]
unit_ecb1 REA:_DATAswf-@gbbcbcbc» <X
unit_edb_valid ,/

unit_cmd 2 - - ><i>
unit_select_row rggaogqpomomm r(*xnommmn'nm 1mnr\mn D000
unit_select_col 11000 0001 { 0010 01001 1000
torget_regisiers | ERX XX P <X XD

Figure.2.18: EMAX2asic ¥ ¥ & 7 = — A regv[|[] = wnit[]] D& 1 I ¥ 7 F ¥ —h

regv(][] % JCIZ# unit O LY A X fEE YA T S, M.WEX=1, M_.BSTMX=0 (/N—A KV —K) %
5/ LT DDR3 5 regvl][] ZFiAHid. 8 /N1 MEN—ZA MY —RRIZ128 THS (ARLEN=127 24§
5E) . £ unit 1%, unit_edb_cmd, unit_edb_valid, {FEEE Y h¥ v 7 (unit_select_row) DF%4U{TE W b,
BXU, FlfEEEY h¥ v 7 (unitselect_col) DFEMFE Y MEEHL THY, unit_edb_emd=2, »D,
unit_edb_valid=1, 22, 4y M1 DHAEIZ, EDBO0] DNEZEHZRAAKLL Y AR 7 )V — T+
(0-1), EDB1[63:0] DNA%Z LY AAfEL L TEFAAZTD. 2TO wit (U TESRAANETTD
&, pe0_status=STATUS_LMMI (ZE KT 5. XA IV IFv¥—M&2X2.18I1I/RT.
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2.4.4 LMM tag initialization in progress (peO_status=STATUS_LMMI(3))

CLK AN AN SR AN SN AN AN SR AN SN SR AAND SN SR AN SR SN
M_ADSX [\__|
M_AD <A <D X O X O X @ —
M_WEX Read
] ™
M_BSTMX Burst
M_XREQ | 4 |4 14 |4 |4 4
M_XGNT ( o+ + +3 +4jﬁ A AN /A I RN R P Y
M_RRDY . \ \ v \ I
M_BSYX -
wrdyc 0 5
\ stop
ctl_new[row][col] x \
ddr3_tlb[row][col] | ‘ | ‘ I F

Figure.2.19: EMAX2asic 1 ~ & 7 = — A lmmi[][] = ctlnew[][]/ddr3tlb[][] D& 1 I V7 F ¥ —h

conf[][] Z7CIZ LMM & 7158 (unit 45 CldZ < &KI2 1 Df#E) 240k d 5. M.WEX=1, M_BSTMX=0

(N=Z KV —=R) 2L T DDR3 25 Immi[][] Z#HAHd. 8 /3 ME/NN—Z2A ) —REIX 128 TH
% (ARLEN=127 Z{8%) . EDBO[0] DNA & & FiAAZG# 1 (0 DIGE ctlnew, 1 DHE ddr3_tlb) ,
EDB1[63:0] DA ZHEME UL TEZIAAZITD. 4B, EMAX2/intel D&, 77V r—>av7n
JT LDREL 72 Intel (KART R A% EMAX2 R 5+ /308 FPGA R — R D DDR3 ¥J# 7 R L AIT£
i CEBLHRAIIE IMB) U, EMAX2 2MEAT RL A% AL T DDR3 % B2 RO T N L AZHIC
ddr3_tIb[][] ZfHH L Tz, —F, EMAX2asic/ZYNQ O55¢, EMAX2 & ARM O EGiE2ZEM % HiES
BTS00, 7 RVAOEFEHENZ IMBIZTERY. 20D/, EMAX2asic/ZYNQ TlE, 7 RV A
ZHEHE 2 LU CARM WIHLY RV AR EHMEAT 5. 9405, EMAX2asic 2427 7)) r—
Yay7ury I A%, emax2start() 2O TEROT KL A5180Z, ARM YT RV AZMHHL R TH
ER520. £2TO lmmil][] DFZRAANTE T T 5 L, pedstatus=STATUS_LMM_LOAD |ZE¥ T 5. X
A IVIF Y —MEM219ITRT.
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2.4.5 LMM loading in progress (peO_status=STATUS_LMM_LOAD(4))

CLK T\ N\
M_ADSX [\ ¥ ddrl3_tlb[i][|]Abase*DIDR:i_MII NALIGIN) | ((ctll_ne/v[i] I']At0p+vs:rdyc*8) IQ(DDRCI_MINAII_IGN-l)I
M_AD  T<A] DX XXX o— <X X o———
M_WEX Read
M_BSTMX | Burst (’\
M_XREQ | 4 4 4 4 4 4
M_XGNT ( +Qf 1y +2f +3 +4/¢?+,'\ L L ) /TR YN v P Y
M_RRDY L/ I
M_BSYX T - - - T
wrdyc 0 L igﬁh 5 ht
unit_edb0 ctl_jnew]i][j] top+wrHyc*8 J{'—As +8DX e8P 8D}l X 48X +4
unit edbl READ_DATAS ¥ F - XX o X oX @
unit_edb_valid :@%t /
unit_cmd 4 ><'_O__>
unit_ctl_count 0
unit_select_row 1 400 00000 l| l| l| l| l| l‘ l| ll F—@
unit_select col 1 (000 | | | | | | | | »——<1000>
P A A S S A N AW N e W AT
en
wex \ \ \wri e \ }_ \ v\/rite \
) | | | | | | | |
wide \
-, bbbt bt
di[63:0] 1 X D—<C XX D—
do[63:0] <RI} X IX X D— < CIX XD

Figure.2.20: EMAX2asic ¥ V& 7 =— A= lmm[][] DX A I V7 F ¥ —h

B O ctlnew ERICHED X, 1 D0 LMM 2, M_WEX=1, M_LBSTMX=0 (/A—Z K1) —R) Zffif
L CDDR3 » 54 unit ® LMM IZ#J#EZ2 0 — R 2. &8, EMAX2asic Ti&, AXI MASTER »3® & H
UON—ANEEZBELT D20, 83 ME/N—ZA MY — REIX160 [EE LT 5 (ARLEN=159 % {§C) .
F 7z, HIEEFTRHIMEH U7 ctlnew(][] A ctlold[][] IZAAFEINTEY, M unit (IZHIET S, ctlold][i][j].top
= ctlnewli][j].top, ctlold[i][j].len > ctl.new][i][j].len, #*D, ctlold[i][j].dist = ctlnewli][j].dist DFH %
LMM ONEZHBAATES/200— RBEMINS. 4 unit IF, unit_edb_cmd, unit_edb_valid, 1748
TEw hvw 7 (unitselect_row) DFELUFTEY K, BEL, FiETEy b~ v 7 (unit_select_col) D
WHIYw M EEHLTEY, unit_edb_emd=4, »*D, unit_edb_valid=1, »D, Z4E Y b1 DGEIZ,
EDBO[12:3] DNAZ EHZIAARLT RV A (K 1K £ 70V 7 —1R), EDB1[63:0] DA&E% LMM fi& LT
FHEIAAZITD. 120 LMM OEFVTE T TLEIC, %472 ctlnew(][] DHED ctlold]][| IZLRFEI 1
5. BELRLMM OEZAANETT DY, pelstatus=STATUS_START (2B BT, 41 IVIF¥—
N %[ 2.20 IR

2.4.6 Start execution (peO_status=STATUS_START(5))

EMAX2 O#E % BiIAT 5. 4 unit IE, unit_edb_cmd, unit_edb_valid, THE& Y b~ w7 (unit_select_row)
DFMITEY b, BXU, FliEEEYY b~ v 7 (unit_select_col) MEZUFLw N ZEARL TH Y, unit_edb_cmd=5,
MO, A M1 DBEI, EEHAOKNE UT, i uit BT, As, RREBIEBL -
KOV A 7 IVIZENWT, pelstatus=STATUS EXEC IZBF T 5.
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2.4.7 Execution in progress (peO_status=STATUS_EXEC(6))

unit_edb_cmd=5 ZHMFF L /2 £ £, EMAX2 OERGHE Z M T 5. £ unit OFEEIZE T LGS,
pel_status=STATUS_LMM_DRAIN (- &3 3.

2.4.8 LMM drainage in progress (pe0_status=STATUS_LMM_DRAIN(7))

wrdyc @@@m@m@ 7 X 8[Xa¢
unit_edb0 <A1 agoX agraexXagoX g0 +80xX 48 X g8 p———

ctl_new[i][j].top+wrdyc*8
unit_edb_valid L& |
unit_cmd 6 X >
unit_ctl_count —a @
unit_select_row 000000000 {10>
unit_select_col T 0000] 000>

clk ’_\_/_\_/_\_4_\_/_\_/_\_/_\_/_\_/_\_f N\

!
o \
\

wex
wide &

a[12:3] T AP eaX+aX aX g PK 480X +8
do[63:0] <D1D2XD3PX DX D5 D6} D7

4
unit_emb0 READ_DATAZ » # 1< D1#X D2PX D3k W D8

unit_emb_valid I

drain_bufO
drain_bufl
drain_buf2 <&

£
drain_buf3 :;

|4 P U MED S 7 TRILT X

[

X

=
CLK \_ A AN (| AN N o N
M_ADSX N \:ddrs_tlb[i][]hase*[ R3 | |N¥L|CN)|((ct_neN[i] '].t0p+rdy%*B)&(DDRS_MINALIGN-l))
M_AD ‘—@'52 D19XD2PXD3 N X DaPXDpsPXDeXDn7XDaPXpeXpigp————

] 3 REaE
M_WEX Write I
1 ("\
M_BSTMX Burst
M_XREQ 1 4 |4 4 4 4 4 4 4
M_XGNT NR=Z NRITHE BT —2 < O W mp\ Y 3y +4f +5) +6/ +7f +8) +9 7
BRBT

M_WRDY JABGE
- o N D1 D2 D3| D4| D5/ D6| D7 D8 D9| D10
M_BSYX

Figure.2.21: Imm[][] = EMAX2asic f ¥ X 7 = —ADAA IV ITF ¥ —h

RO ctlnew [EHMIZHE D X, 1 5D LMM 12, M_.WEX=0, M.BSTMX=0 (/N\—Z hF 4 k) %/l
FUT# unit © LMM 76 DDR3 IZHBEHEREZ A T35, 28, EMAX2asic Tlk, AXI MASTER A%
HOENUODN—ANEEZBELT DD, 83 MEN—Z MY — NEIX 160 EE & F25 (AWLEN=159
ZE) . £ unit 1, unit_edb_cmd, unit_edb_valid, f7¥EEY Y b~ v 7 (unit_select_row) DFZY4FTE W
kN, BLT, FifEEEY Y ¥ w7 (unit_select_col) DFHHEY MZEHL THY, unit_edb_cmd=6, 7
D, unit_edb_valid=1, 7D, #FM4 v b1 OEEIZ, EDBO[12:3] DNEZFAL LT RV A (K
IK #7)V7—1R), EMBO0[63:0] Z LMM f& U Tt Uz 75, HEZ LMM OfiAHULBET 95
&, pelstatus=STATUS_.TERM IZEH® T 5. XA IV I/ F¥— M&X2.21 [TRT.
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2.4.9 Wait for execution (peO_status=STATUS_TERM(8))

B % 47\, pe0_status=STATUS_WAIT IZERE T 5.

2.4.10 Terminate execution (pe0_status=STATUS_WAIT(9))

base_offset % BHT L, M_STAT 231 THRWGEIXRELZ MR 9 5. M_.STAT 31 DA, pel_status=STATUS_IDLE
IZEBT 5.
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Chapter 3

EMAX4 /bsim

3.1 Basic function
EMAXA4/bsim I, EMAX2/intel 12 k5 V¥ 27> a VHEZBIULAET —FF 7 F ¥ ThHD. hIVH
gvavEEgEERFHTLI I ICLY, I 7UBIZROND EEROARHAIZEE CGRA DN TS5 1 v

IS AAD Z L EEL 25, EMAX4/bsim DY 2 2L —&TdHD bsim iF, ARM Z2N—ALF5HY
NFATBLUTYINF ALY REEFERHZ T VWS, F/7, 43712130 EMAX4 22T\ 5.

3.2 Instruction format

See proj-arm32/src/conv-a2¢/{conv-a2c.h, conv-a2c.l, conv-a2c.y}.

3.3 Application binary interface

See proj-arm32/src/conv-a2c¢/{emax4.h, emax4.c} and proj-arm32/src/bsim/emax4.c.

3.4 Examples (2D-imaging)

See proj-arm32/sample/filter/filter-emax4.S. Many stencil kernels for image processing are imple-

mented.

3.4.1 Tone_curve with SIMD
a I

void tone_curve(r, d, t)
unsigned int *r, *d;
unsigned char *t;

{
int j;
for (j=0; j<WD; j++) {
*d = ((t) [*r>>24]1)<<24 | (t[256+((*r>>16)&265)]1)<<16 | (t[512+((*r>>8)&256)]1)<<8;
T A+
}
}

//EMAX4A start .emax_start_tone_curve:
//EMAX4A ctl map_dist=0
//EMAX4A @0,0 vhile (ri+=,-1) rgi[320,] & 1d (ri+=,4),r9 rgil.emax_rgi00_tone_curve:,

1mf[.emax_lmfla0_tone_curve:,0,0,0,0,.emax_lmfma0_tone_curve:,320]

_tone_ ] _ _tone_, 0,0,0,0 _ _tone_
//EMAX4A ©1,0 & 1ldub (ri,r9.3),r10 rgil.emax_rgiOl_tone_curve:,] lmr[.emax_lmrlal_tone_curve:,0,0,0,0,.emax_lmrmal_tone_curve:, 64]
//EMAX4A 1,1 & ldub (ri,r9.2),r11 rgil.emax_rgi0O2_tone_curve:,] lmr[.emax_lmrla2_tone_curve:,0,0,0,0,.emax_lmrma2_tone_curve:, 64]
//EMAX4A 1,2 & ldub (ri,r9.1),r12 rgil.emax_rgi0O3_tone_curve:,] lmr[.emax_lmrla3_tone_curve:,0,0,0,0,.emax_lmrma3_tone_curve:, 64]
//EMAX4A @2,0 mmrg3 (r10,r11,r12) rgil,] & st -, (ri+=,4) rgil.emax_rgi04_tone_curve:,] lmw[.emax_lmwlad_tone_curve:,0,0,0,0,.emax_lmwmad_tone_curve:,320]

//EMAX4A end .emax_end_tone_curve:

. J
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3.4.2 Hokanl with SIMD and stencil

//'

{
int j;

void hokani(c, p, s)
unsigned int *c, *p;
unsigned short *s; /*[WD/4][8];x/

/*hokan1 (&W[i*WD], &R[(i+j)*WD], &SAD1[i/4][j+41);%/

for (j=0; j<WD; j++) {
int j2 = j/4x4;
int k = j%4x2;

/* §2+k:0,2,4,6; 4,6,8,10; 8,10,12,14; 12,14,16,18; */

* s += df(c[j2],p[j2+k-41) + df(c[j2+1],p[j2+k-31) + df(c[j2+2],p[j2+k-2]1) + df(c[j2+3]1,p[j2+k-11); /* p[-41,p[-31,p[-2],p[-11 -> p[-2],p[-1],p[0],p[1] */
*(s+1) += df (c[j2],p[j2+k-3]) + df(c[j2+1],p[j2+k-2]) + df(c[j2+2],p[j2+k-1]) + df(c[j2+3],p[j2+k 1); /* p[-3],p[-2],p[-1],p[ 0] -> p[-1],p[ 01,p[1],p[2] */
s += 2;
}
} J
N

//EMAX4A start .emax_start_hokanl:

//EMAX4A ctl map_dist=0

//EMAX4A @0,0 while (ri+=,-1) rgi[320,]

//EMAX4A @0,1 add (ri+=,1) | and (-,73)<<2,r12 rgi[-1,]

//EMAX4A ©0,2 add (ri+=,1) | and (-, 3)<<3,r13 rgi[-1,]

//EMAX4A @1,0 add (ri,r12),r12 rgil.emax_rgi00_hokani:,]

//EMAX4A @1,1 add3 (ri,r12,r13),r13 rgil.emax_rgi0l_hokani:,]

//EMAX4A @2,0 1d (r12, 0),r0 & 1d (r12+=,4),r31 rgil.emax_rgix0_hokani:,] lmr[.emax_lmrla00_hokanl:,0,0,0,0,.emax_lmrma0O_hokanl: 320,

//EMAX4A @2,1 & 1d (r12, 4),r1

//EMAX4A 02,2 & 1d (r12, 8),r2

//EMAX4A 02,3 & 1d (r12, 12),r3

//EMAX4A ©3,0 1d (r13,-16),r24 & 1d (r13+=,4),r31 rgil.emax_rgixl_hokani:,] 1mr[.emax_lmrla0i_hokani:,0,0,0,0,.emax_lmrma01_hokani:,320.

//EMAX4A ©3,1 & 1d (r13,-12),125

//EMAX4A ©3,2 & 1d (r13, -8),r26

//EMAX4A @3,3 1d (r13, 0),r28 & 1d (r13, -4),r27

/7 ©2.3 1d ->r3 02.2 1d ->r2 @2.1 1d ->rt 02.0 1d ->r0

/7 03.3 1d->r28 & 1d ->r27 03.2 1d ->r26 @3.1 1d ->r25 03.0 1d ->r24

/7 ©4.3 sad (r3,r28) ©4.2 sad (r2,r27) @4.1 sad (r1,r26) 04.0 sad (r0,r25

// 5.3 sad (r3,r27) ©5.2 sad (r2,r26) ©5.1 sad (r1,r25) ©5.0 sad (r0,r24

//EMAX4A @4,0 msad (r0,r25),r11

//EMAX4A @4,1 msad (r1,r26),r13 ! swap rl and r26 to avoid collision of pos2

//EMAX4A @4,2 msad (r2,r27),r15

//EMAX4A @4,3 msad (r3,r28),r17

//EMAX4A @5,0 msad (r0,r24),r10

//EMAX4A @5,1 msad (r1,r25),r12

//EMAX4A ©5,2 msad (r2,r26),r14

//EMAX4A @5,3 msad (r3,r27),r16

//EMAX4A @6,0 mauh (r10,r12),r10

//EMAX4A @6,1 mauh (ri1,r13),ril

//EMAX4A @6,2 mauh (ri4,r16),rid

//EMAX4A ©6,3 mauh (r15,r17),r15

//EMAX4A @7,0 mauh (r10,r14) | suml (-),r10

//EMAX4A @7,1 mauh (r11,r15) | sumh (-),r11

//EMAX4A Q7,2 & 1d (ri+=,4),r0 rgil.emax_rgi02_hokani:,] 1mf[.emax_lmfla02_hokani:,0,0,0,0, emax_lmfma02_hokani:,320.

//EMAX4A ©8,0 mauh3 (r0,r10,r11) & st -, (ri+=,4) rgil.emax_rgi05_hokani:,] lmw[.emax_lmwla05_hokani:,0,0,0,0,.emax_lmwma05_hokan1: 320

//EMAX4A end .emax_end_hokanl

3.4.3 Hokan2 with SIMD and stencil

-

int
{

int j;

s +=
}
}

k;

25

void hokan2(s, sminxy, k)
unsigned short *s; /*[WD/4][8];*/
unsigned int *sminxy;

((-2)<<24) k| *(
((-1)<<24) [k | *(
((-1)<<24) [k | *(
(( 0)<<24) |k|*(
(( 0)<<24) |k|*(
(( 0)<<24) |k|*(
(( 1)<<24) k| *(

if ((sminxy[jl1&O0xffff)
if ((sminxy[jl1&O0xffff)
if ((sminxy[jl1&O0xffff)

for (j=0; j<WD; j++) { /* j%4==0 OMEDH sminxy[j] ICHMAE. MIETI »/
int 11 =
int 12 =
int 13 =
int 14 =
int 15 =
int 16
int 17
int 18

s );
s+1);
s+2);
s+3);
s+4);
s+5);
s+6) ;

= (( 1)<<24) |k|*(s+7);
if ((sminxy[jl&oxffff) >
if ((sminxy[jl&oxffff) >
if ((sminxy[j1&Oxffff) >
if ((sminxy[j1&Oxffff) >
if ((sminxy[j1&Oxffff) >
>
>
>

*(s ) sminxy[jl = 11;
*(s+1)) sminxy[j] = 12;
*(s+2)) sminxy[j] = 13;
*(s+3)) sminxy[j]l = 14;
*(s+4)) sminxy[j] = 15;
*(s+5)) sminxy[j]l = 16;
*(s+6)) sminxy[jl = 17;
*(s+7)) sminxy[j] = 18;

//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

.

start .emax_start_hokan2:
ctl map_dist=0
@0,0 while (ri+=,-1) rgil[320,] & 1d (r31+=

@0,1 lor (ri,(-2<<24)),r28 rgil.emax_rgi0O5_hokan2:,] & 1d (r31+
@0,2 lor (ri,(-1<<24)),r29 rgil.emax_rgi06_hokan2:,] & 1d (r31+

0,3
01,0
o1,1
e1,2
1,3
@2,0
02,2
@3,0
@4,0
end

,4),710
,4),r12
,4),r14

lor (ri,( 1<<24)),r31 rgil.emax_rgi07_hokan2:,] & 1d (r31+=,4),r16
minl3 (r29,r28,r10),r10

minl3 (ri,r29,
minl3 (ri, ri,
minl3 (r31,r31
minl (r10,r12)
minl (ri14,r16)
minl (r10,r14)
minl (r10,r11)

r12),r12 rgil.emax_rgil0_hokan2:,]

r14),r14 rgil.emax_rgil2_hokan2:,.emax_rgill_hokan2:]

,r16),r16
,r10
,r14

,T10 & 1d (ri+=,4),r11 rgil.emax_rgi04_hokan2:,] 1mf[.emax_lmfla04_hokan2:,0,0,0,0, .emax_lmfma04_hokan2: 320,

& st -, (ri+=,4)

.emax_end_hokan2:

rgil.emax_rgi00_hokan2:,]
rgi[.emax_rgiOl_hokan2:,]

rgil.emax_rgi02_hokan2:,]
rgil.emax_rgi03_hokan2:,] lmr[.emax_lmrla03_hokan2:,0,0,0,0, .emax_lmrma03_hokan2: ,320]

rgi[.emax_rgi08_hokan2:,] 1mw[.emax_lmwla08_hokan2:,0,0,0,0,.emax_lmuma08_hokan2: ,320.

/
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3.4.4 Hokan3 with SIMD and stencil

CHAPTER 3. EMAX4/BSIM

-

void hokan3(sminxy, r, d, k)
unsigned int *sminxy;
unsigned int *r, *d;
int k;
{
int j;
for (j=0; j<WD; j++) {
int x = (int) sminxyl[j/4*4]1>>24;
int y = (int) (sminxy[j/4*4]<<8)>>24;
if (y == k) d[j] = r[j+x];
¥
¥

N
//EMAX4A start .emax_start_hokan3:
//EMAX4A ctl map_dist=0
//EMAX4A @0,0 while (ri+=,-1) rgi[320,]
//EMAX4A @0,1 add (ri+=,1) | and (-,"3)<<2,r12 rgi[-1,]
//EMAX4A @0,2 add (ri+=,1) | or (-, 0)<<2,r14 rgi[-1,]

//EMAX4A @1,0 & 1d (ri,r12),r16 rgil.emax_rgiOO_hokan3:,] lmr[.emax_lmrla00_hokan3:,0,0,0,0,.emax_lmrma00_hokan3:,320]

//EMAX4A 02,0 add (ri,r14),r13 rgil.emax_rgiOl_hokan3:,]
//EMAX4A @2,1 land (r16,0xf£000000)>A22,r17 ! >A |% SRA
//EMAX4A ©2,2 |and (r16,0x00££0000)>B16,r18 ! >B |3 bit23 % fFSHLiE >C (% bit1s ZFFSHLE >D 13 bit7 ZFF 5Lk

//EMAX4A 3,0 sub (r18,ri),r0 cO rgil,.emax_rgi03_hokan3:] & 1d (r13,r17),r16 rgil,] 1mr[.emax_lmrla01i_hokan3:,0,0,0,0, .emax_lmrma0i_hokan3: 320
//EMAX4A @4,0 cexe (,,,c0,0xaaaa) & st r16, (ri+=,4) rgil.emax_rgi02_hokan3:,] lmx[.emax_lmxla02_hokan3:,0,0,0,0,.emax_lmxma02_hokan3: ,320

//EMAX4A end .emax_end_hokan3:

AN

/

3.4.5 Expand4k with SIMD and stencil

-

void expanddk(p, r, kad, ski, sk2)
unsigned int *p, *r;
int kad, sk1, sk2;

{
/% | — */
/% [ [ -t | plxl[1:320] =/
/x f—t—+— rl[il[j:1024] =/
/* 1-1 | k1 | 141 i:1-767 */
/x F——+— */
/% [ ] 1+1 | */
/% */
/x T 1 */
/x|l | */
/e | | k-1 %/
/% } { */
/e Tk | o | */
/x| = | */
/x| | (((i*HT)<<4)/768)&15 : 8 ko
/x| */
/x| | 15 */
/% | } { */
/x| | | k+1 %/
. L | %/

/% KkEPOLTBIESEA2 X 26IEOME % L BASMHFLLE kfraq & 1fraq THRETZ */

int j;
unsigned int ph, pl, x;

for (j=0; j<1024; j++) { /* A¥Yid 4095 T */

int pl = j*WD/1024;

int 1fraq = (((j*WD)<<4)/1024)&15; /* 4bit */

int lad = 16-ad(1lfraq,8);

int sl1 = ss(1lfraq,8);

int s12 = ss(8,1fraq);

int r1 = kad*lad; /* 4bit*4bit */

i kad*sll; /* 4bit*dbit */
kad*sl2; /* 4bit*dbit */
int r5 = skixlad; /* 4bit*4bit */
int r9 = skixsll; /x 4bitx4bit */
int r8 = skixsl2; /x 4bitx4bit */
int r4 = sk2+lad; /* 4bit*4bit */
int r7 = sk2%sll; /x 4bitx4bit */
int r6 = sk2%sl2; /x 4bitxdbit */

= madd (mmul (b2h (p [pt 1, 1), r1), mmul(b2h(plp1-11, 1), r2));
ph = madd(mmul(b2h(p[pt  +1], 1), r3), ph)
ph = madd (mmul(b2h(p[pi-WD 1, 1), r4), ph);
ph = madd(mmul(b2h(p[p1+WwD 1, 1), r5), ph);
ph = madd (mmul(b2h(p[p1-WD-1], 1), r6), ph)
ph = madd(mmul(b2h(p[p1-WD+1], 1), r7), ph)
ph = madd (mmul(b2h(p[p1+WD-1], 1), r8), ph);
ph = madd (mmul(b2h(p[p1+WD+1], 1), r9), ph);
pl = madd (mmul(b2h(p[p1 1, 0), r1), mmul(b2h(plpl-11, 0), r2));
pl = madd(mmul(b2h(plpl +1], 0), r3), pl);

= madd (mmul(b2h(plp1-WwD 1, 0), r4), pl);
pl = madd(mmul(b2h(p[p1+WD 1, 0), r5), pl);
pl = madd (mmul(b2h(p[p1-WD-1], 0), r6), pl)
pl = madd(mmul(b2h(p[p1-WD+1], 0), r7), pl)
pl = madd(mmul(b2h(p[pi+WD-1]1, 0), r8), pl)
pl = madd(mmul(b2h(p[p1+WD+1], 0), r9), pl)
*r = h2b(msrl(ph, 8), 1) | h2b(msrl(pl, 8), 0);

o
Rl
o
Ko
N
won

/
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-

//EMAX4A start .emax_start_expanddk:

//EMAX4A ctl map_dist=0

//EMAX4A @0,0 while (ri+=,-1) rgi[1024,]

//EMAX4A ©0,1 add (ri+=,320) | and (-,71023)>>8,r0 rgi[-320,] ! pi*4

//EMAX4A @0,2 add (ri+=,320) | and (-,0x3c0)>>6,r4 rgi[-320,] ! lfrag

//EMAX4A ©1,0 add (ri,r0),r0 rgil.emax_rgi_p____expandék:,]
//EMAX4A 1,1 msuh (r4,ri),ri rgi[,8] ! sl1

//EMAX4A @1,2 msuh (ri,rd),r2 rgil8,] ! sl2

//EMAX4A 1,3 msad (r4,ri),r3 rgil,8]

//EMAX4A @2,3 msuh (ri,r3),r3 rgil16,] ! lad

//EMAX4A @3,1 mluh (ri,r1),r21 rgil.emax_rgi_sk21_expand4k:,] & 1d (r0,-1276),r10
//EMAX4A @3,2 mluh (ri,r2),r22 rgil.emax_rgi_sk22_expanddk:,] & 1d (r0,-1284),ri11
//EMAX4A 03,3 mluh (ri,r3),r23 rgil.emax_rgi_sk20_expand4k:,] & 1d (r0,-1280),r12
//EMAX4A ©4,1 mluh (r10.1,r21),r13

//EMAX4A ©4,2 mluh (r11.1,r22),r14

//EMAX4A ©4,3 mluh (r12.1,r23),r15

//EMAX4A ©5,0 mluh (r10.h,r21),ri13

//EMAX4A 5,1 mauh3 (r13,r14,r15),r16

//EMAX4A ©5,2 mluh (r1l1.h,r22),r14

//EMAX4A ©5,3 mluh (r12.h,r23),r15

//EMAX4A ©6,0 mauh3 (r13,r14,r15),r17

//EMAX4A @6,1 mluh (ri,r1),r21 rgil.emax_rgi_kadl_expanddk:,] & 1d (r0, 4),r10
//EMAX4A @6,2 mluh (ri,r2),r22 rgil.emax_rgi_kad2_expand4k:,] & 1d (r0, -4),ril
//EMAX4A 06,3 mluh (ri,r3),r23 rgil.emax_rgi_kadO_expand4k:,] & 1d (r0, 0),r12
//EMAX4A @7,1 mluh (r10.1,r21),r13
//EMAX4A ©7,2 mluh (ri11.1,122),r14
//EMAX4A ©7,3 mluh (r12.1,123),r15

mluh (r10.h,r21),r13

//EMAX4A @8, mauh3 (r13,r14,r15),r18

//EMAX4A @8, mluh (ri11.h,r22),r14
//EMAX4A @8, mluh (r12.h,r23),r15
//EMAX4A @9, mauh3 (r13,ri14,r15),r19

//EMAX4A @9,
//EMAX4A @9,
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

mluh (ri,r1),r21 rgil.emax_rgi_skil_expand4k:,] & 1d (r0, 1284),r10
mluh (ri,r2),r22 rgil.emax_rgi_sk12_expand4k:,] & 1d (r0, 1276),r11
mluh (ri,r3),r23 rgil.emax_rgi_sk10_expand4k:,] & 1d (r0, 1280),r12

mluh (r10.1,r21),r13

mluh (r11.1,r22),r14

mluh (r12.1,r23),r15

mluh (r10.h,r21),r13

mauh3 (r13,r14,r15),r20

mluh (r11.h,r22),r1d

mluh (r12.h,r23),r15

mauh3 (r13,r14,r15),r21

mauh3 (r17,r19,r21) | or (-,0)>M8,r21
©13,1 mauh3 (r16,r18,r20) | or (-,0)>M8,r20
014,0 mh2bw (r21,120)
end .emax_end_expanddk:

1

2

3

1

2
7,3
//EMAX4A ©8,0
1

2

3

0

1

2

@12,0
@13,0

& st -,(ri+=,4) rgil.emax_rgi_store_expand4k:,] lmw[.emax_lmwla_store_expand4k:,0,0,0,0,. .emax_lmwma_store_expand4k:,1024]

1mr[.emax_lmrla_PREV_expand4k:,0,0,0,0,.emax_lmrma_PREV_expand4k:,320]

1mr [.emax_lmrla_CURR_expanddk:,0,0,0,0, .emax_lmrma_CURR_expand4k: ,320]

1mr[.emax_lmrla_NEXT_expand4k:,0,0,0,0,.emax_lmrma_NEXT_expand4k:,320]

3.4.6 Unsharp with SIMD and stencil

-

inline unsigned char 1imitRGB(int c¢) {
if (c<0x00) return 0x00;
if (c>0xff) return Oxff;
return c;

void unsharp(p, r)
unsigned char *p;
unsigned char *r;

{

int t0,t1,t2;

int j, k;

int p0 = ((0 )*WD+(1 ))x4; // pi p5 p2

int pl = ((0-1)*WD+(1-1))*4; // p6 p0O p7

int p2 = ((0-1)*WD+(1+1))*4; // p3 p8 p4

int p3 = ((O+1)*WD+(1-1))%4;

int p4 = ((O+1)*WD+(1+1))*4;

int ps = ((0-1)*WD+(1 ))*4;

int p6 = ((0 )*WD+(1-1))*4;

int p7 = ((0 )*WD+(1+1))*4;

int p8 = ((O+1)*WD+(1 ))*4;

for (j=0; j<WD; j++) {
r[p0+0] = 0;
£0 = plpo+1l;
t1 = plpi+1] + p[p2+1] + plp3+1] + plpd+1];
t2 = p[p5+1] + plp6+1] + plp7+1] + plps+1]
r[p0+1] = 1imitRGB(( tO * 239 - t1 * 13 - t2 * 15 - £2/4) >> 7);
t0 = p[po+2];
t1 = plp1+2] + p[p2+2] + p[p3+2] + plp4+2];
t2 = p[p5+2] + plp6+2] + plp7+2] + p[p8+2];
r[p0+2] = 1imitRGB(( t0 * 239 - t1 * 13 - t2 * 15 - t2/4) >> 7);
£0 = plpo+3];
t1 = plp1+3] + p[p2+3] + p[p3+3] + p[p4+3];
t2 = p[p5+3] + plp6+3] + p[p7+3] + p[p8+3];
r[p0+3] = 1imitRGB(( tO * 239 - t1 * 13 - t2 * 15 - £2/4) >> 7);
pO+=4; pl+=4; p2+=4; p3+=4; pd+=4; pE+=4; pb+=4; pT+=4; p8+=4;

}

}

.
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~

//EMAX4A start .emax_start_unsharp:

//EMAX4A ctl map_dist=1

//EMAX4A ©0,0 while (ri+=,-1) rgi[320,]

//EMAX4A ©0,1 add (ri+=,4),r10 rgi[.emax_rgi_p____unsharp:,]

//EMAX4A ©1,0 & 1d (r10,-1276),r1  1lmr[.emax_lmrla_PREV_unsharp:,0,0,0,0, .emax_lmrma_PREV_unsharp:,320]
//EMAX4A @1,1 & 1d (r10,-1284),12

//EMAX4A 01,2 & 1d (r10,-1280),15

//EMAX4A ©2,0 mauh (r1.1,r2.1),ril & 1d (r10, 4),r6  lmr[.emax_lmrla_CURR_unsharp:,0,0,0,0,.emax_lmrma_CURR_unsharp:,320]
//EMAX4A @2,1 % 1d (r10, -4),r7

//EMAX4A @2,2 & 1d (r10, 0),r0

//EMAX4A @2,3 mauh (rl.h,r2.h),r12

//EMAX4A @3,0 mluh (r0.1,ri),r20 rgil[,239] & 1d (r10, 1284),r3  1lmr[.emax_lmrla_NEXT_unsharp:,0,0,0,0,.emax_lmrma_NEXT_unsharp:,320]
//EMAX4A ©3,1 mluh (r0.h,ri),r21  rgi[,239] & 1d (r10, 1276),r4

//EMAX4A ©3,2 mauh (r5.1,r6.1),r15

//EMAX4A ©3,3 mauh (r5.h,r6.h),T16 & 1d (r10, 1280),r8

//EMAX4A ©4,0 mauh3 (ri1,r3.1,r4.1),ri1

//EMAX4A @4,1 mauh3 (r12,r3.h,r4.h),r12

//EMAX4A 05,0 mluh (rii,ri),r13  rgi[,13]

//EMAX4A @5,1 mluh (r12,ri),r14  rgil[,13]

//EMAX4A @5,2 mauh3 (r15,r7.1,r8.1),r15

//EMAX4A @5,3 mauh3 (r16,r7.h,r8.h),r16

//EMAX4A @6,0 | or (r15,0)>M2,r7

//EMAX4A @6,1 mluh (r15,ri),r17  rgil[,15]

//EMAX4A 06,2 | or (r16,0)>M2,r8

//EMAX4A 06,3 mluh (r16,ri),r18  rgi[,15]

//EMAX4A @7,0 msuh3 (r20,r7,r17),r20

//EMAX4A @7,2 msuh3 (r21,r8,r18),r21

//EMAX4A 08,0 msuh (r20,r13) | or (-,0)>M7,r20

//EMAX4A @8,2 msuh (r21,r14) | or (-,0)>M7,r21

//EMAX4A @9,0 mh2bw (r21,r20) & st -,(ri+=,4) rgil.emax_rgi_store_unsharp:,] lmw[.emax_lmwla_store_unsharp:,0,0,0,0,.emax_lmwma_store_unsharp:,320]
//EMAX4A end .emax_end_unsharp:

3.4.7 Blur with SIMD and stencil

//'

void blur(p, r)
unsigned int *p, *r;

k, 13

I*WD

I*WD

)*WD-1;

)*¥WD+1;

= (0-1)%WD ;

(0+1)*WD ;

= (0-1)%WD-1;

(0-1)%WD+1;

(0+1) *WD-1;

(0+1) *WD+1;

for 5 J<wD; j++) {
unsigned int s0,s1,s2,s3,s4,s5,56,s7,58;
unsigned int t0,t1,t2;
s0=p[p1];s1=p[p2];s2=p[p3];s3=p[p4];sd=p[pb];s5=p[p6];s6=p[p7];s7=p[p8];s8=p[p9];

r[po] = pmid3(s5,s0,s8);

pO++; pl++; p2++; p3++; pl++; pbt+; p6++; p7++; p8++; po++;

/T T 1 T T —
[51316] |5<3<x]| 5|32 5<3 <k 5 3 5< <k 5
FVAVAVA et VYV et BVt VA VA
[1]o]2] [1<0<2| —lof- 0 [ 1o [ 1ol |o| i
FVAVAVA et VYV et RVt VA VA
[7]14]8] [*<4<8| 11438 *<4<8 4 8 *< <8 8
A T A Ly

t0 = pmax3(s5,s1,s7); t1 = pmid3(s5,s1,s7); t2 = pmin3(s5,s1,s7); s5 = t0; sl = t1; s7 = t2;

t0 = pmax3(s3,s0,54); t1 = pmid3(s3,s0,s4); t2 = pmin3(s3,s0,s4); s3 = t0; sO = t1; s4 = t2;
t0 = pmax3(s6,s2,s8); t1 = pmid3(s6,s2,s8); t2 = pmin3(s6,s2,s8); s6 = t0; s2 = tl; s8 = t2;
t0 = pmin3(s5,s3,s6); pmid3(s5,s3,s6); =t1

t0 = pmin3(s1,s0,s52); pmid3(s1,s0,s2); t2 = pmax3(s1,s0,52); = t1; s2 = t2;

t0 = pmid3(s7,s4,s8); pmax3(s7,s4,s8) ; =t1

t0 = pmax2(s5,s1); t1 = pmin2(s5,s1); s5 = t0; s1 = t1

t0 = pmax3(s3,s0,s4); t1 = pmid3(s3,s0,s4); t2 = pmin3(s3,s0,s4); s3 = t0; sO = t1; s4 = t2;

t0 = pmax2(s2,s8); t1 = pmin2(s2,s8); s2 = t0; s8 = t1

t0 = pmin3(s5,s3,s2); t1 = pmid3(s5,s3,s2); sb = t0; s3 = t1

t0 = pmid3(sl,s4,s8); t1 = pmax3(sl,s4,s8); s4 = t0; s8 = t1

t0 = pmax2(s5,s4); t1 = pmin2(s5,s4); s5 = t0; s4 = t1

t0 = pmax3(s3,s0,s8); t1 = pmid3(s3,s0,s8); t2 = pmin3(s3,s0,s8); s3 = t0; sO = t1; s8 = t2;

s5 = pmin2(s5,s3); s8 = pmax2(s4,s8);

/
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-

//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

//EMAX4A
//EMAX4A

//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

//EMAX4A
//EMAX4A

start

.emax.

_start_blur:

ctl map_dist=2

@0,0 while (ri
add  (ri+=,4),r10

0,1
01,0
o1,1
01,2

©2,0 mmin3
02,1 mnid3
02,2 mmax3

@3,0
3,1
03,2

04,0 mmin3
04,1 mmid3
04,2 mmax3

5,0
05,1
5,2

@6,0 mmin3
@6,1 mmid3
@6,2 mmax3

/*step-2x/

07,0 mmax3
07,1 mmid3
07,2 mmin3
08,0 mmax3
08,1 mmid3
©8,2 mmid3
©8,3 mnin3

/*step-3x/

@9,0 mmin3
@9,1 mmid3
@9,2 mmax3

10,0
10,1
10,2
010,3

/*step-4*/

011,0
e11,1

/*step-5x/

@12,0
e12,1
012,2
012,3
013,0
013,1
013,2

/*step-6%/

@14,0
@14,3

/*step-Tx/
//EMAX4A @15,0 mmid3
//EMAX4A end .emax_end_blur:

mmin
mmax
mmin
mmax

mmid3
mmin3

mmax3
mmid3
mmin

mmax

mmin3
mmid3
mmax3

mmax
mmin

,-1) rgil320,]

(r7,r1,r15),x7
(r7,r1,125),r1
(x7,r1, r5),15
1d (r10,
1d (r10,

(r4,70,r13) 74
(r4,70,123) 10
(r4,70, 3),r3
1d (r10,
1d (r10,

(r8,r2,r16) ,r8
(r8,r2,r26),r2
(r8,r2, r6),r6

(r1,10,12) ,12
(r1,10,12) ,10
(r1,10,12),r1
(r7,r4,18),18
(r7,r4,18) ,14
(r5,r3,r6),r3
(r5,r3,r6),r5

(r3,r0,14),14
(r3,r0,74) ,10
(r3,r0,r4),r3
(r2,r8),r8
(r2,r8),r2
(r5,r1),r1
(r5,r1),15

(r1,74,18),14
(r5,r3,r2) ,15

(r1,r4,r8),r8
(r5,r3,r2),13
(x5,14),114

(x5,14),115

(x3,r0,18) ,18
(x3,r0,18) ,10
(x3,r0,18) ,r3

(r14,r8),r8
(r15,r3),r5

(r5,r0,r8) & st -, (ri+=,4)

rgil.emax_rgi_p____blur:,]
1d (r10,-1284),r15
1d (r10,-1284),r25

&

1d (r10,-1276) 17
1d (r10,-1280),r1

& 1d (r10,-1284),15

-4),r13 & 1d (r10,
-4),r23 & 1d (r10,

1276) ,r16
1276) ,r26

& 1d (r10,

&
—
1Y

(x10,
(x10,
& 1d (r10,

&
—
o

4),r4
0),r0
-4),r3

1284),18
1280) 12
1276),16

rgil.emax_rgi_store_blur:,] lmw[.emax_lmwla_store_blur:,0,0,0,0,.enax_lmwma_store_blur:,320]

1mr [.emax_lmrla_PREV_blur:,0,0,0,0, .emax_lmrma_PREV_blur:,320]

1mr[.emax_lmrla_CURR_blur:,0,0,0,0,.emax_lmrma_CURR_blur:,320]

1mr [.emax_lmrla_NEXT_blur:,0,0,0,0, .emax_lmrma_NEXT_blur: ,320]

3.4.8 Edge with SIMD and stencil

//'

int j,

int po
int p1
int p2

int p7
int p8

k;

=

void edge(p, r)
unsigned int *p;
unsigned char *r;

) *WD

= (0-1)*WD-1;
= (0+1)*WD+1;

= (0-
= (o+

1) ¥WD
1) *WD

= (0-1)*WD+1;

= (o+

1) *WD-

= (0 )*WD-1;
= (0 )*WD+1;

for (j=0; j<WD; j++) {
int dl = df (p[p11&MASK,p [p2] &MASK)

+ df (p[p31&MASK, p [p4]1&MASK)
+ df (p[p51&MASK, p [p6]1&MASK)
+ df (p[p71&MASK, p [p81&MASK) ;

/% 0 < d1(42) < 256%2%4 */
r[p0] = di < EDGEDET ? O : PIXMAX;
PO++; plé+; p2++; p3++; pa+t; pbtt; pbtt; pl+t; pBtt;

.

}
}
//EMAX4A start .emax_start_edge:
//EMAX4A ctl map_dist=1
//EMAX4A @0,0 vhile (ri+=,-1) rgi[320,]
//EMAX4A ©0,1 add (ri+=,4),r10 rgil.emax_rgi_p____edge:,]
//EMAX4A ©1,0 & 1d (r10,-1276),r5 lmr[.emax_lmrla_PREV_edge:,0,0,0,0,.emax_lmrma_PREV_edge: 320
//EMAX4A 1,1 & 1d (r10,-1280),r3
//EMAX4A 01,2 & 1d (r10,-1284),r1
//EMAX4A @2,0 & 14 (r10, 4),r8 1mr[.emax_lmrla_CURR_edge:,0,0,0,0, .emax_lmrma_CURR_edge: 320,
//EMAX4A @2,2 & 1d (r10, -4),r7
//EMAX4A @3,0 msad (r7,r8),r7 & 1d (r10, 1284),r2 lmr[.emax_lmrla_NEXT_edge:,0,0,0,0,.emax_lmrma_NEXT_edge: ,320]
//EMAX4A @3,1 & 1d (r10, 1280),r4
//EMAX4A @3,2 & 1d (r10, 1276),r6
//EMAX4A @4,0 msad (r1,r2),r1
//EMAX4A 04,1 msad (r3,r4),r3
//EMAX4A ©4,2 msad (r5,r6),r5
//EMAX4A @5,0 mauh (r1,r3),r1
//EMAX4A 05,1 mauh (r5,r7),r5
//EMAX4A ©6,0 mauh (r1,r5) | suml (-),ri
//EMAX4A @7,0 mcas (rl,ri) rgil,64] & stb -,(ri+=,1) rgil.emax_rgi_store_edge:,] lmw[.emax_lmwla_store_edge:,0,0,0,0,.emax_lmwma_store_edge:,80]
//EMAX4A end .emax_end_edge:
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3.4.9 Stereo with SIMD and stencil

CHAPTER 3. EMAX4/BSIM

-

void wdifline(ul, u2, d, w)
unsigned int *ul, *u2, *d;
int w;

{

int j;

for (j=0; j<w; j++) { /* ome scan-line */
*d += wdif (WIN*2,ul,u2);
ul++;
u2++;
dtt;
}
}
wdif (w, 1p, rp)
unsigned int w, *lp, *rp;
{
int j, retval = 0;
for (j=0; j<w; j++)
retval += df ((x(1p+j))&MASK, (*(rp+j))&MASK);
return(retval);

N

//EMAX4A start .emax_start_wdifline:

//EMAX4A @4,0 msad (r2,r12),r2
//EMAX4A @4,1 msad (r4,r14),r4
//EMAX4A @4,2 msad (r6,r16),r6
//EMAX4A @4,3 msad (r8,r18),r8
//EMAX4A @5,0 msad (r3,r13),r3
//EMAX4A @5,1 msad (r5,r15),r5
//EMAX4A @5,2 msad (r7,rl7),r7
//EMAX4A @5,3 msad (r9,r19),r9

//EMAX4A @6,1 mauh3 (r5,r6,r7),r5
//EMAX4A @6,2 mauh (r8,r9), 8
//EMAX4A @7,0 mauh3 (r2,r5,r8) | suml (-),rl

//EMAX4A end .emax_end_wdifline:

1mr [.emax_lmrlaul_wdifline:,0,0,0,0, .emax_lmrmaul_wdifline:,320]

Imr[.emax_lmrlau2_wdifline:,0,0,0,0,.emax_lmrmau2_wdifline:,320]

//EMAX4A

//EMAX4A ,-1) rgil320,]

//EMAX4A @0,1 add (ri+=,4),r0 rgil.emax_rgiul_wdifline:,]

//EMAX4A 01,0 1d (x0, -4),r3 % 1d (x0, 0),r2
//EMAX4A @1,1 1d (x0,-12),r5 % 1d (x0, -8),r4
//EMAX4A @1,2 1d (x0,-20),r7 & 1d (x0,-16),16
//EMAX4A @1,3 1d (x0,-28),r9 % 1d (x0,-24),18
//EMAX4A ©2,0 add (ri+=,4),r1 rgil.emax_rgiu2_wdifline:,]

//EMAX4A @3,0 14 (r1, -4),r13 % 1d (r1, 0),r12
//EMAX4A @3,1 1d (r1,-12),r15 % 1d (r1, -8),r14
//EMAX4A @3,2 1d (r1,-20),r17 % 1d (r1,-16),r16
//EMAX4A ©3,3 1d (r1,-28),r19 % 1d (r1,-24),r18

//EMAX4A ©6,0 mauh3 (r2,r3,74),r2 & 1d (ri+=,4),r0 rgil.emax_rgiw0_wdifline:,] 1lmf[.emax_lmfla_store_wdifline:,0,0,0,0,.emax_lmfma_store_wdifline: ,320]

//EMAX4A 8,0 add  (r0,r1) & st -,(ri+=,4) rgil.emax_rgiwi_wdifline:,] lmw[.emax_lmwla_store_wdifline:,0,0,0,0,.emax_lmwma_store_wdifline:,320]

AN
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See proj-arm32/sample/stencil-pipe/stencil-emax4.S. Many stencil kernels for floating-point process-

ing are implemented.

3.5.1 Grapes with SIMD and stencil

-

{

int i;

void grapes( b, a, ¢ )
float *b, *a, *c;

float t0, t1;

.

for (i=0; i<WD; i++) {
*(c+i) = *(b+HT*WD +WD +i) * *(a+DP*HT*WD*Q+HT*WD +WD +i)

+ % (b+HT*WD +1+i) * *(a+DP*HT*WD*8+HT*WD 141

+ % (b+HT*WD +1) * *(a+DP*HT*WD*7+HT*WD +i)

+ * (b+HT*WD -1+4i) * *(a+DP*HT*WD*6+HT*WD -1+i)

+ *(D+HTHWD -WD +i) * *(a+DP*HT*WD*5+HT*WD -WD +i)

+ *(b +WD+1+i) * *(a+DP*HT*WD*4 +WD+1+i)

+ *(b +WD +i) * *(a+DP*HT*WD*3 +WD +i)

+ *(b +WD-1+i) * *(a+DP*HT*WD*2 +WD-1+1)

+ *(b +1+1) * *(a+DP*HT*WD*1 +1+1)

+ *(b +1)

+ *(b -1+i) * *(a-DP*HT*WD*1 -1+i)

+ x(b ~WD+1+1) * *(a-DP*HT*WD*2 -WD+1+1)

+ x(b -WD +i) * *(a-DP*HT*WD*3 WD +i)

+ *(b -WD-1+i) * *(a-DP*HT*WD*4 -WD-1+1)

+ *(b-HT#WD +WD +i) * *(a-DP*HT*WD*5-HT*WD +WD +i)

+ *(b-HT*WD +1+i) * *(a-DP*HT*WD*6-HT*WD +1+i

+ % (b-HT*WD +i) * *(a-DP*HT#WD*7-HT+WD +1)

+ % (b-HT*WD -1+i) * *(a-DP*HT*WD*8-HT*WD ~1+i

+ %(b-HT#WD -WD +i) * *(a-DP*HT*WD*9-HT*WD -WD +i);

}

’ J
//EMAX4A start .emax_start_grapes:
//EMAX4A ctl map_dist=1
//EMAX4A ©0,0 while (ri+=,-1) rgi[320,]
//EMAX4A ©0,1 add (ri+=,4),r9 rgi[.emax_rgi_pO____grapes:,]
//EMAX4A ©1,0 & 1d (x9,-1276),r19 lmr[.emax_lmrla_PREV_BO_grapes:,0,0,0,0,.emax_lmrma_PREV_BO_grapes:,320.
//EMAX4A 1,1 & 1d (x9,-1280),120
//EMAX4A @1,2 & 1d (ri+=,4),70  rgil.emax_rgi_AO_grapes:,]  lmr[.emax_lmrla_AO_grapes:,0,0,0,0,.emax_lmrma_AO_grapes: ,320]
//EMAX4A @2,0 & 1d (x9,4),r23 1nmr[.emax_lmrla_CURR_BO_grapes:,0,0,0,0, .emax_lmrma_CURR_BO_grapes:,320.
//EMAX4A @2,1 1d (r9,-4),r21 & 1d (x9,0),r22
//EMAX4A @2,2 fmul (r20,r0),r30 & 1d (ri+=,4),r1  rgil.emax_rgi_Al_grapes:,]  1lmr[.emax_lmrla_Al_grapes:,0,0,0,0,.emax_lmrma_Al_grapes: 320!
//EMAX4A @2,3 & 1d (ri+=,4),r2  rgil.emax_rgi_A2_grapes:,]  1lmr[.emax_lmrla_A2_grapes:,0,0,0,0,.emax_lmrma_A2_grapes:,320.
//EMAX4A @3,0 & 1d (r9,1284),r19 1mr[.emax_lmrla_NEXT_BO_grapes:,0,0,0,0,.emax_lmrma_NEXT_BO_grapes: 320!
//EMAX4A ©3,1 & 1d (r9,1280),r24
//EMAX4A @3,2 fma3 (r21,r1,r30),r30 & 1d (ri+=,4),r3  rgil.emax_rgi_A3_grapes:,]  1lmr[.emax_lmrla_A3_grapes:,0,0,0,0,.emax_lmrma_A3_grapes:,320.
//EMAX4A ©3,3 fmul (r22,r2),r31 & 1d (ri+=,4),r4  rgil.emax_rgi_A4_grapes:,]  1lmr[.emax_lmrla_A4_grapes:,0,0,0,0,.emax_lmrma_A4_grapes:,320.
//EMAX4A 04,0 add (ri+=,4),r9 rgi[.emax_rgi_pl____grapes:,]
//EMAX4A ©4,2 fma3 (r23,r3,r30),r30 & 1d (ri+=,4),r5  rgil.emax_rgi_A5_grapes:,]  1lmr[.emax_lmrla_A5_grapes:,0,0,0,0,.emax_lmrma_A5_grapes:,320.
//EMAX4A @4,3 fma3 (r24,r4,r31),r31 & 1d (ri+=,4),76  rgil.emax_rgi_A6_grapes:,] lmr[.emax_lmrla_A6_grapes:,0,0,0,0,.emax_lmrma_A6_grapes: ,320]
//EMAX4A @5,0 & 1d (x9,-1276),r27 lmr[.emax_lmrla_PREV_B1_grapes:,0,0,0,0,.emax_lmrma_PREV_B1_grapes: 320!
//EMAX4A @5,1 1d (r9,-1284),r25 & 1d (r9,-1280),r26
//EMAX4A @5,2 % 1d (ri+=,4),r7  rgil.emax_rgi_A7_grapes:,]  1lmr[.emax_lmrla_A7_grapes:,0,0,0,0,.emax_lmrma_A7_grapes:,320.
//EMAX4A ©5,3 & 1d (ri+=,4),r8  rgil.emax_rgi_A8_grapes:,] lmr[.emax_lmrla_A8_grapes:,0,0,0,0,.emax_lmrma_A8_grapes: ,320]
//EMAX4A ©6,0 & 1d (19,4),r20 1mr[.emax_lmrla_CURR_B1_grapes:,0,0,0,0,.emax_lmrma_CURR_B1_grapes: 320
//EMAX4A 06,1 1d (r9,-4),r28 & 1d (x9,0),r29
//EMAX4A ©6,2 fma3 (r25,r5,r30),r30 & 1d (ri+=,4),710 rgil.emax_rgi_A10_grapes:,]  lmr[.emax_lmrla_A10_grapes:,0,0,0,0,.emax_lmrma_A10_grapes:,320.
//EMAX4A 06,3 fma3 (r26,r6,r31),r31 & 1d (ri+=,4),r11 rgil.emax_rgi_A11_grapes:,]  lmr[.emax_lmrla_A11_grapes:,0,0,0,0,.emax_lmrma_A11_grapes:,320.
//EMAX4A @7,0 & 1d (r9,1284),r23 1mr[.emax_lmrla_NEXT_B1_grapes:,0,0,0,0,.emax_lmrma_NEXT_B1_grapes:,320.
//EMAX4A Q7,1 1d (r9,1276),r21 & 1d (r9,1280),r22
//EMAX4A @7,2 fma3 (r27,r7,r30),r30 rgil.emax_rgi_A12_grapes:,]  lmr([.emax_lmrla_A12_grapes:,0,0,0,0,.emax_lmrma_A12_grapes: 320
//EMAX4A @7,3 fma3 (r28,r8,r31),r31 rgil.emax_rgi_A13_grapes:,]  lmr[.emax_lmrla_A13_grapes:,0,0,0,0,.emax_lmrma_A13_grapes: 320
//EMAX4A @8,1 fadd (r29,r30),r30
//EMAX4A @8,2 fma3 (r20,r10,r31),r31
//EMAX4A 08,3 add (ri+=,4),r9 rgil.emax_rgi_p2____grapes:,]
//EMAX4A @9,1 fma3 (r21,r11,r30),r30 & 1d (ri+=,4),r14 rgil.emax_rgi_A14_grapes:,]  lmr[.emax_lmrla_A14_grapes:,0,0,0,0,.emax_lmrma_A14_grapes:,320.
//EMAX4A ©9,2 fma3 (r23,r13,r31),r31 & 1d (x9,-1276),r19 lmr[.emax_lmrla_PREV_B2_grapes:,0,0,0,0, .emax_lmrma_PREV_B2_grapes:,320.
//EMAX4A ©9,3 & 1d (x9,-1280),r24
//EMAX4A ©10,0 & 1d (ri+=,4),r15 rgil.emax_rgi_A15_grapes:,]  lmr[.emax_lmrla_A15_grapes:,0,0,0,0,.emax_lmrma_A15_grapes:,320]
//EMAX4A ©10,1 fma3 (r22,r12,r30),r30 & 1d (ri+=,4),716 rgil.emax_rgi_A16_grapes:,]  lmr[.emax_lmrla_A16_grapes:,0,0,0,0,.emax_lmrma_A16_grapes:,320.
//EMAX4A @10,2 fma3 (r24,r14,r31),r31 & 1d (x9,4),r27 1nr[.emax_lmrla_CURR_B2_grapes:,0,0,0,0,.emax_lmrma_CURR_B2_grapes: 320
//EMAX4A @10,3 1d (r9,-4),r25 & 1d (r9,0),r26
//EMAX4A @11,0 fma3 (r25,r15,r31),r31 & 1d (ri+=,4),r17 rgil.emax_rgi_A17_grapes:,]  lmr[.emax_lmrla_A17_grapes:,0,0,0,0,.emax_lmrma_A17_grapes:,320]
//EMAX4A @11,1 & 1d (ri+=,4),r18 rgil.emax_rgi_A18_grapes:,] lmr[.emax_lmrla_A18_grapes:,0,0,0,0,.emax_lmrma_A18_grapes: ,320]
//EMAX4A @11,2 & 1d (r9,1284),r19 1mr[.emax_lmrla_NEXT_B2_grapes:,0,0,0,0,.emax_lmrma_NEXT_B2_grapes: 320!
//EMAX4A @11,3 & 1d (r9,1280),r28
//EMAX4A ©12,0 fma3 (r27,r17,r31),r31
//EMAX4A ©12,3 fma3 (r26,r16,r30),r30
//EMAX4A ©13,2 fadd (r30,r31),r31
//EMAX4A ©13,3 fmul (r28,r18),r19
//EMAX4A ©14,2 fadd (r31,r19),r19
//EMAX4A @15,2 & st r19,(ri+=,4) rgil.emax_rgi_store_grapes:,] lmw[.emax_lmwla_store_grapes:,0,0,0,0,.emax_lmwma_store_grapes:, 320
//EMAX4A end .emax_end_grapes:
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3.5.2 Jacobi with SIMD and stencil

/

void jacobi( B, C )
float *B, *C;

int x;
float C1 = 0.2;
float C2 = 0.3;

for (x=0; x<WD; x++) {
*(C+x) = C2 * (*x(B-HT*WD+x) + *(B-WD+x) + *(B-1+x) + *(B+1+x) + *(B+WD+x) + *(B+HT*WD+x))
+ C1 * *(B+x);

/
~

N [

//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

start .emax_start_jacobe:

ctl map_dist=1

@0,0 while (ri+=,-1) rgil[320,]

@0,1 add (ri+=,4),r0 rgil.emax_rja:,]
@1,1 fmul (ri,r1),r10 rgi [0x3e99999a,]
02,1 fma3 (ri,r2,r10),r10 rgi[0x3e99999a,]
02,2
02,3
@3,1
3,2
@3,3
04,1
04,2
@5,1
©6,1
Q7,1
end

1d (ri+=,4),r1
1d (r0,-1280),r2
1d (r0,4),r5

1d (r0,0),r4

1d (r0,-4),r3

d (0,1280),16
1d (ri+=,4),r7

rgil.
Inr[.
Inr[.

emax_rgi_CURR_AO_ja:,] lmr[.emax_lmrla_CURR_AO_ja:,0,0,0,0,.emax_lmrma_CURR_AO_ja: 320
emax_lmrla_PREV_A1_ja:,0,0,0,0, .emax_lmrma_PREV_A1_ja:,32
emax_lmrla_CURR_A1_ja:,0,0,0,0, .emax_lmrma_CURR_A1_j

fma3
fmul
fmul
fma3
fma3
fadd
fadd

(ri,r5,r10),110
(ri,r4),ri1
(ri,r3),r12
(ri,r6,r10),r10
(ri,r7,r11),r11
(r10,r11),r10
(r10,r12),r10

rgi[0x3e99999a,]
rgi[0x3edccceed, ]
rgi[0x3e99999a,]
rgi[0x3e99999a,]
rgi[0x3e99999a,]

—

Tmrl.
rgil.

emax_lmrla_NEXT_A1_ja:,0,0,0,0,.emax_lmrma_NEXT_A1_ja:,320]
emax_rgi_CURR_A2_ja:,] lmr([.emax_lmrla_CURR_A2_ja:,0,0,0,0,.emax_lmrma_CURR_A2_ja:,320.

PR R R R R R

st r10,(ri+=,4) rgil.emax_rgi_store_ja:,] lmw[.emax_lmwla_store_ja:,0,0,0,0,.emax_lmwma_store_ja:,320

.emax_end_jacobe:

3.5.3 Fd6 with SIMD and stencil

//'

void £d6( B, C )
float *B, *C;

{
int x;
float t0, t1, t2;
float C1 = 0.1;
float C2 0.2;
float C3 = 0.3;
float C4 = 0.4;
for (x = 0; x < WD; x++) {
*#(C+x) = C4 * (*(B-3*HT*WD+x) + *(B-3*WD+x) + *(B-3+x)
+ *(B+3+x) + *(B+3*WD+x) + *(B+3*HT*WD+x))
+ C3 * (% (B-2#HT*WD+x) + *(B-2%WD+x) + *(B-2+x)
+ *(B+2+x) + *(B+2*WD+x) + *(B+2*HT*WD+x))
+ C2 * (*(B-1¥HT*WD+x) + *(B-1*WD+x) + *(B-1+x)
+ *(B+1+x) + *(B+1xWD+x) + *(B+1*HT*WD+x))
+ C1 * *(B+x);
}
’ J
//EMAX4A start .emax_start_fd6:
//EMAX4A ctl map_dist=1
//EMAX4A @0,0 while (ri+=,-1) rgi[320,] & 1d (ri+=,4),r0 rgil.emax_rgi_C_AO_fd6:,] lmr[.emax_lmrla_C_AO_fd6:,0,0,0,0,.emax_lmrma_C_AO_£d6: 320!
//EMAX4A ©0,1 add (ri+=,4),r10 rgil.emax_rgi_pO_fd6:,] & i+=,4),r1 rgil.emax_rgi_C_A1_fd6:,] lmr[.emax_lmrla_C_A1_£d6:,0,0,0,0,.emax_lmrma_C_A1_£d6:,320
//EMAX4A Q0,2 & ,4),12 rgil.emax_rgi_C_A2_fd6:,] lmr[.emax_lmrla_C_A2_£d6:,0,0,0,0, .emax_lmrma_C_A2_fd6: 320!
//EMAX4A @1,0 fmul(ri,r0),r20 rgi[0x3ecccced,] & 1d (r10,-3840),r3 lmr[.emax_lmrla_P3_A3_fd6:,0,0,0,0,.emax_lmrma_P3_A3_fd6: ,320]
//EMAX4A @1,1 fmul(ri,r1),r21 rgi[0x3e99999a,] &
//EMAX4A @1,2 fmul(ri,r2),r22 rgi[0x3edcceed, ] &
//EMAX4A ©2,0 fma3(ri,r3,r20),r20 rgilOx3ecccced,] & 1d (r10,-2560),r4 lmr[.emax_lmrla_P2_A3_fd6:,0,0,0,0,.emax_lmrma_P2_A3_fd6: ,320]
//EMAX4A 02,1 fadd(r21,r22),r21 &
//EMAX4A @3,0 fma3(ri,r4,r20),r20 rgil0x3e99999a,] & 1d (r10,-1280),r5 lmr[.emax_lmrla_P1_A3_fd6:,0,0,0,0,.emax_lmrma_P1_A3_fd6:,320]
//EMAX4A @3,1 &
//EMAX4A 04,0 add (ri+=,4),r10 rgil.emax_rgi_pl_fd6:,] & 1d (r10,12),r12  lmr[.emax_lmrla_C_A3_fd6:,0,0,0,0,.emax_lmrma_C_A3_fd6:,320]
//EMAX4A @4,1 1d (r10,4),r10 & 1d (r10,8),ri1
//EMAX4A 04,2 1d (r10,-4),r8 & 1d (r10,0),r9
//EMAX4A 04,3 1d (r10,-12),r6 & 1d (r10,-8),r7
//EMAX4A ©5,0 fma3(ri,r5,r20),r20 rgilOx3edccced,] & 1d (r10,1280),r13 1Imr[.emax_lmrla_NEXT1_A3_fd6:,0,0,0,0,.emax_lmrma_NEXT1_A3_fd6:,320]
//EMAX4A ©5,1 fma3(ri,r10,r21),r21 rgilOx3edccced,] &
//EMAX4A ©5,2 fmul(ri,r8),r22 rgi[0x3edcceed,] &
//EMAX4A ©5,3 fmul(ri,r6),r23 rgi[0x3ecccced,] &
//EMAX4A @6,0 fma3(ri,r12,r20),r20 rgil0x3ecccced,] & 1d (r10,2560),r14 1Imr[.emax_lmrla NEXT2_A3_fd6:,0,0,0,0,.emax_lmrma_NEXT2_A3_fd6:,320]
//EMAX4A @6,1 fma3(ri,r11,r21),r21 rgil0x3e99999a,] 3
//EMAX4A @6,2 fma3(ri,r9,r22),r22 rgil0x3dcccced,] &
//EMAX4A @6,3 fma3(ri,r7,r23),r23 rgil0x3e99999a,] &
//EMAX4A @7,0 & 1d (r10,3840),r15 1lmr[.emax_lmrla NEXT3_A3_fd6:,0,0,0,0,.emax_lmrma_NEXT3_A3_£d6:,320]
//EMAX4A Q7,1 & 1d (ri+=,4),r16 rgil.emax_rgi_C_A4_£d6:,] lmr[.emax_lmrla_C_A4_£d6:,0,0,0,0, emax_lmrma_C_A4_fd6: 320!
//EMAX4A @7,2 fma3(ri,ri3,r22),r22 rgilOx3edccced,] & 1d (ri+=,4),r17 rgil.emax_rgi_C_A5_£d6:,] lmr[.emax_lmrla_C_A5_£d6:,0,0,0,0, .emax_lmrma_C_A5_fd6: 320!
//EMAX4A @7,3 fma3(ri,r14,r23),r23 rgi[0x3e99999a,] & 1d (ri+=,4),r18 rgil.emax_rgi_C_A6_fd6:,] lmr[.emax_lmrla_C_A6_£d6:,0,0,0,0, .emax_lmrma_C_A6_fd6: 320!
//EMAX4A ©8,0 fma3(ri,ri5,r20),r20 rgil0x3ecccced,] &
//EMAX4A ©8,1 fma3(ri,r16,r21),r21 rgilOx3edccced,] &
//EMAX4A 08,2 fma3(ri,r17,r22),r22 rgil0x3e99999a,] &
//EMAX4A @8,3 fma3(ri,r18,r23),r23 rgil0x3ecccccd,] &
//EMAX4A @9,1 fadd(r20,r21),r21 &
//EMAX4A @9,2 fadd(r22,r23),r22 &
//EMAX4A @10,2 fadd(r21,r22),r22 &
//EMAX4A ©11,0 & st r22,(ri+=,4) rgil.emax_rgi_store_£d6:,] lmw[.emax_lmwla_store_fd6:,0,0,0,0,.emax_lmwma_store_f£d6:,320]
//EMAX4A end .emax_end_fd6:

/
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3.5.4 Resid with SIMD and stencil

///'

void resid( B, C, D)
float *B, *C, *D;

{
int x;
float A0 = 0.1;
float Al = 0.2;
float A2 = 0.3;
float A3 = 0.4;
for (x=0; x<WD; x++) {
*(D+x) = *(C+x)
- A0 * *(B+x)
- A1 x ( *(B-HT*WD +x) + *(B+HT#WD  +x)
+ *(B WD +x) + *(B +WD+x)
+ *(B -1+x) + *(B +1+x) )
- A2 * ( *x(B-HT+WD-WD +x) + *(B+HT*WD-WD+x) + *(B-HT*WD+WD+x) + *(B+HT*WD+WD+x)
+ *(B -WD-1+x) + *(B +WD-1+x) + *(B -WD+1+x) + *(B +WD+1+x)
+ *(B-HT*WD  -1+x) + *(B-HT*WD +1+x) + *(B+HT*WD -1+x) + *(B+HT*WD +1+x) )
= A3 * ( *(B-HT+WD-WD-1+x) + *(B+HT*WD-WD-1+x)
+ *(B-HT*WD+WD-1+x) + *(B-HT*WD-WD+1+x)
+ * (B+HT*WD+WD-1+x) + * (B+HT*WD-WD+1+x)
+ *(B-HT*WD+WD+1+x) + *(B+HT*WD+WD+1+x) );
¥
} J
.
//EMAX4A start .emax_start_resid:
//EMAX4A ctl map_dist=1
//EMAX4A ©0,0 while (ri+=,-1) rgi[320,]
//EMAX4A ©0,1 add (ri+=,4),r0 rgil.emax_rgi_pO____resid:,] &
//EMAX4A 1,1 & 1d (r0,-1276),r3 1lmr[.emax_lmrla_P_BO_resid:,0,0,0,0,.emax_lmrma_P_BO_resid:,320]
//EMAX4A 1,2 & 1d (r0,-1280),r2
//EMAX4A 1,3 & 1d (r0,-1284),r1
//EMAX4A @2,1 fmul (ri,r3),r29 rgi[Oxbeccceed,] & 1d (r0,4),r6 Imr[.emax_lmrla_C_BO_resid:,0,0,0,0,.emax_lmrma_C_BO_resid:,320]
//EMAX4A ©2,2 fmul (ri,r2),r30 rgi[0xbe99999a,] & 1d (r0,0),r5
//EMAX4A 02,3 fmul (ri,r1),r31 rgi[Oxbeccceed,] & 1d (r0,-4),r4
//EMAX4A ©3,0 add (ri+=,4),r0 rgil.emax_rgi_pl____resid:,] &
//EMAX4A ©3,1 fma3 (ri,r6,r29),r29 rgil0xbe99999a,] & 1d (r0,1284),r9 1lmr[.emax_lmrla_NEXT_BO_resid:,0,0,0,0,.emax_lmrma_NEXT_BO_resid:,320]
//EMAX4A ©3,2 fma3 (ri,r5,r30),r30 rgilOxbedccced,] & 1d (r0,1280),r8
//EMAX4A @3,3 fma3 (ri,r4,r31),r31 rgil0xbe99999a,] & 1d (r0,1276),r7
//EMAX4A ©4,1 fma3 (ri,r9,r29),r29 rgilOxbecccced,] & 1d (r0,-1276),r12 lmr[.emax_lmrla P_Bi_resid:,0,0,0,0,.emax_lmrma_P_B1_resid:,320]
//EMAX4A @4,2 fma3 (ri,r8,r30),r30 rgil0xbe99999a,] & 1d (r0,-1280),ri1
//EMAX4A @4,3 fma3 (ri,r7,r31),r31 rgilOxbecccced,] & 1d (r0,-1284),r10
//EMAX4A @5,1 fma3 (ri,r12,r29),r29 rgil0xbe99999a,] & 1d (x0,4),r15 1mr[.emax_lmrla_C_Bi_resid:,0,0,0,0,.emax_lmrma_C_Bl_resid:,320]
//EMAX4A @5,2 fma3 (ri,r11,r30),r30 rgilOxbedccced,] & 1d (r0,0),r1d
//EMAX4A 05,3 fma3 (ri,r10,r31),r31 rgi[0xbe99999a,] & 1d (r0,-4),r13
//EMAX4A 06,0 add (ri+=,4),r0 rgil.emax_rgi_p2____resid:,] &
//EMAX4A 06,1 fma3 (ri,r15,r29),r29 rgilOxbe4ccced,] & 1d (r0,1284),r18 Ilmr[.emax_lmrla_NEXT_B1_resid:,0,0,0,0,.emax_lmrma_NEXT_B1_resid:,320]
//EMAX4A 06,2 fma3 (ri,r14,r30),r30 rgil[Oxbdcccced,] & 1d (r0,1280),r17
//EMAX4A 06,3 fma3 (ri,r13,r31),r31 rgilOxbedccced,] & 1d (x0,1276),r16
//EMAX4A @7,1 fma3 (ri,r18,r29),r29 rgil0xbe99999a,] & 1d (r0,-1276),r21 lmr[.emax_lmrla_P_B2_resid:,0,0,0,0,.emax_lmrma_P_B2_resid:,320]
//EMAX4A Q7,2 fma3 (ri,r17,r30),r30 rgilOxbedccced,] & 1d (r0,-1280),r20
//EMAX4A @7,3 fma3 (ri,r16,r31),r31 rgil0xbe99999a,] & 1d (r0,-1284),r19
//EMAX4A @8,1 fma3 (ri,r21,r29),r29 rgilOxbecccced,] & 1d (x0,4),r24 lmr[.emax_lmrla_C_B2_resid:,0,0,0,0,.emax_lmrma_C_B2_resid:,320]
//EMAX4A @8,2 fma3 (ri,r20,r30),r30 rgil[0xbe99999a,] & 1d (r0,0),r23
//EMAX4A 08,3 fma3 (ri,r19,r31),r31 rgilOxbecccced,] & 1d (r0,-4),r22
//EMAX4A ©9,1 fma3 (ri,r24,r29),r29 rgil[0xbe99999a,] & 1d (r0,1284),r27 Ilmr[.emax_lmrla NEXT_B2_resid:,0,0,0,0,.emax_lmrma_NEXT_B2_resid:,320]
//EMAX4A ©9,2 fma3 (ri,r23,r30),r30 rgilOxbedccced,] & 1d (r0,1280),r26
//EMAX4A ©9,3 fma3 (ri,r22,r31),r31 rgil[0xbe99999a,] & 1d (r0,1276),r25
//EMAX4A €10,1 fma3 (ri,r27,r29),r29 rgilOxbecccced,] & 1d (ri+=,4),r28 rgil.emax_rgi_C_resid:,] lmr[.emax_lmrla_C_resid:,0,0,0,0,.emax_lmrma_C_resid:,320.
//EMAX4A ©10,2 fma3 (ri,r26,r30),r30 rgi[0xbe99999a,] &
//EMAX4A @10,3 fma3 (ri,r25,r31),r31 rgilOxbecccced,] &
//EMAX4A @11,1 fadd (r29,r28),r28 &
//EMAX4A @11,2 fadd (r30,r31),r31 &
//EMAX4A @12,1 fadd (r31,r28),r28 &
//EMAX4A @13,3 & st r28,(ri+=,4) rgil.emax _rgi_st_resid:,] Imw[.emax_lmwla_st_resid:,0,0,0,0,.emax_lmwma_st_resid:,320
//EMAX4A end .emax_end_resid:

/

3.5.5 Wave2d with SIMD and stencil

-

void wave2d( Z0, Z1, Z2 )
float *Z0, *Z1, *Z2;

int x;

float value = 0.0025;

for (x=0; x<WD; x++) {
#(22+%) = 2.0 * *(Z1+x)

- *(Z0+x)
+ value * ( *(Z1+WD+x) + *(Z1-WD+x) + *(Z1-1+x) + *(Z1+1+x) - 4.0 * *(Z1+x) );

.
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//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

start .emax_start_wave2d:
ctl map_dist=1
©0,0 while (ri+=,-1) rgi[320,]

00,1 add (ri+=,4),r0 rgi[.emax_rgi_pO:,]
@1,1 fmul (ri,r10),r31 rgi [0xb£800000,]
02,1 fma3 (ri,r1,r31),r31 rgil0x3b23d70a,]
02,2

@2,3

3,1 fma3 (ri,r4,r31),r31 rgil0x3b23d70a,]
@3,2 fmul (ri,r3),r30 rgi[0x3b23d70a,]
3,3 fmul (ri,r2),r29 rgi[0x3b23d70a,]
@4,1 fma3 (ri,r5,r31),r31 rgil0x3b23d70a,]
04,2 fmul (ri,r3),r29 rgi [0x40000000,]
04,3 fma3 (ri,r30,r29),r30 rgi[0xc0800000,]
05,1 fadd (r31,r29),r31

06,1 fadd (r31,r30),r31

Q7,1

end .emax_end_wave2d:

PR R R R R R

1d (ri+=,4),r10 rgil.emax_rgi_z0:,] lmr[.emax_lmrla_Z0:,0,0,0,0,.emax_lmrma_Z0:,320
1d (r0,-1280),r1

1d (r0,4),r4
1d (r0,0),r3
1d (r0,-4),r2
1d (r0,1280),r5

st r31, (ri+=,4)

~

1mr [.emax_lmrla_PREV_Z1:,0,0,0,0, .emax_lmrma_PREV_Z1:,320]
1nr[.emax_lmrla_CURR_Z1:,0,0,0,0, .emax_lmrma_CURR_Z1:,320]

1mr[.emax_lmrla_NEXT_Z1:,0,0,0,0,.emax_lmrma_NEXT_Z1:,320]

rgil.emax_rgi_store:,] lmw[.emax_lmwla_store:,0,0,0,0, .emax_lmwma_store: ,320
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3.6 Examples (4D-imaging)

See proj-arm32/sample/4dimage/gather-emax4.S and gdepth-emax4.S. 4D-imaging with CGRA is

implemented.

3.

6.1 Gather with SIMD and stencil

//'

gather_x1(int yin, int yout)
{

int x, dx, dy, w, pix;

int cvalR, cvalG, cvalB;

for (x=36; x<FWD-36; x++) {
\#ifdef PRECISE_SCALE
int image_center = yin+((x/coresize*WINSIZE+(offsetx(coresize-(xlcoresize)))/coresize+shift_x)*1021/1024);
\#telse
int image_center = (x>>4)*WINSIZE + ((("x&15)*offset)>>4) + shift_x + yin
\#endif
cvalR=

for (dy dy<=1; dy++) {

for (dx=-1; dx<=1; dx++) {
Uint pix = ACCI[image_center+smallwin_offset_y*dy+smallwin_offset_xdx];
v = weight [WBASE+dy*MAXDELTA*2+dx] ;
cvalR += ((pix>>24)&255)*w;
cvalG += ((pix>>16)&255)*w;
cvalB += ((pix>> 8)&255)*w;

}

ACCO[(yout+x)] = ((cvalR>>8)<<24) | ((cvalG>>8)<<16) | ((cvalB>>8)<<8)

N [

.

AN

//EMAX4A start .start_gather_x1:

//EMAX4A ctl map_dist=0

//EMAX4A @0,0 while (ri+=,-1) rgi[1528,]

//EMAX4A ©0,1 add (ri+=,1),r0 rgil3s,]

//EMAX4A @1,0 sub (-1,r0)land (-,15),r1

//EMAX4A @1,1 lor (x0,0)>>4,r2

//EMAX4A ©2,0 mluh (ri,ri)lor (-,0)>>4,r3 rgil,.x1_offset:]
//EMAX4A @2,1 mluh (r2,ri),rd rgil,75]

//EMAX4A ©2,2 add (ri,ri),r5 rgil.x1_shift_x:,.x1_yin:]
//EMAX4A @3,0 add3 (r3,r4,r5)lor (-,0)<<2,r7
//EMAX4A @4,0

//EMAX4A @4,1

//EMAX4A 04,2

//EMAX4A ©5,0 mluh (r10.1,1i),r20 rgil,16]
//EMAX4A 05,1 mluh (r11.1,1i),r22 rgil,32]
//EMAX4A ©5,2 mluh (r10.h,ri),r21  rgil,16]
//EMAX4A ©5,3 mluh (ri1.h,ri),r23 rgil,32]
//EMAX4A ©6,0 mluh (r12.1,1i),r30 rgil,16]
//EMAX4A @6,1 mluh (r13.1,ri),r24 1rgil,32]
//EMAX4A @6,2 mluh (r12.h,ri),r31 rgil,16]
//EMAX4A @6,3 mluh (r13.h,ri),r25 rgil,32]
//EMAX4A @7,0 mauh3 (r20,r22,r30),r30
//EMAX4A @7,1 mluh (r14.1,ri),r26 1rgil,64]
//EMAX4A ©7,2 mauh3 (r21,r23,r31),r31
//EMAX4A @7,3 mluh (r14.h,ri),r27 rgil,64]
//EMAX4A ©8,0 mluh (r15.1,ri),r20 rgil,32] & 1d (x7,ri),r16  rgil,.x1_ypl_xmi:] lmr[.x1_la_acci_yp1_0:,0,0,0

//EMAX4A ©8,1 mauh3 (r24,r26,r30),r30 & 1d (r7,ri),r17  rgil,.x1_ypl_xe0:] lmr[.x1_la_acci_ypl_1:,0,0,0,0,.x1_ma_acci_ypl_1:,7240]
//EMAX4A ©8,2 mluh (ri5.h,ri),r21 rgil,32] & 1d (x7,ri),r18  rgil,.x1_ypl_xpi:] Imr[.x1_la_acci_yp1_2:,0,0,0,0,.x1_ma_acci_ypl_2:,7240]
//EMAX4A @8,3 mauh3 (r25,r27,r31),r31

//EMAX4A @9,0 mluh (r16.1,ri),r22 1rgil,16]

//EMAX4A @9,2 mluh (r16.h,ri),r23 1rgil,16]

//EMAX4A @10,0 mauh3 (r20,r22,r30),r30

//EMAX4A @10,1 mluh (r17.1,ri),r20 1rgil,32]

//EMAX4A ©10,2 mauh3 (r21,r23,r31),r31

//EMAX4A €10,3 mluh (ri17.h,ri),r21  rgil,32]

//EMAX4A €11,0 mluh (r18.1,1i),r22 rgil,16]

//EMAX4A €11,2 mluh (ri18.h,ri),r23 rgil,16]

//EMAX4A ©12,0 mauh3 (r20,r22,r30) lor (-,0)>M8,r30

//EMAX4A ©12,2 mauh3 (r21,r23,r31)lor (-,0)>M8,r31

//EMAX4A @13,0 mh2bw (r31,r30) & st -, (ri+=,4) rgil.x1_acco:,] lmw[.x1_la_acco:,0,0,0,0,.x1_ma_acco:,1528]

//EMAX4A end .end_gather_x1

1d (z7,ri),r10  rgil,.x1_yml_xmi:
1d (r7,ri),r1t  rgil,.x1_ymi_xe0:
1d (z7,ri),r12  rgil,.x1_yml_xpl
1d (r7,ri),r13  rgil,.x1_yeO_xmi:
1d (r7,ri),r14  rgil,.x1_yeO_xe0:
1d (r7,ri),r15  rgil,.x1_yeO_xpi:

lmr[.x1_la_acci_yml_0:,0,0,0,0,.x1_ma_acci_yml_0:,7240]
lmr[.x1_la_acci_ymi_1:,0,0,0,0,.x1_ma_acci_ymi_1:,7240]
lmr([.x1_la_acci_ym1_2:,0,0,0,0,.x1_ma_acci_yml_2:,7240]

0,0,0,0

0,0,0,0

0,0,0,0

lmr[.x1_la_acci_ye0_0: ,.x1_ma_acci_ye0_0:,7240]
Imr[.x1_la_acci_yeO_1 7240]
Imr[.x1_la_acci_ye0_2:, :,7240]

,.x1_ma_acci_yeO_
,.x1_ma_acci_ye0_|

B
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3.6.2 Gdepth with SIMD and stencil

CHAPTER 3. EMAX4/BSIM

/

gdepth_x1(int yin, int yout)

int i, j;

int x, dx, dy;

int cvalR, cvalG, cvalB;

Uint pix00, pix01, pix02, pix03, pix04, pix05, pixl0, pixll, pix20, pix21;

for (x=36; x<FWD-36; x++) {
#ifdef PRECISE_SCALE

#else

int image_center = (x>>4)*WINSIZE + ((("x&15)*offset)>>4) + shift_x + yin;
#endif

Uint sad = 0;

; dy<=1; dy++) {

dx<=1; dx++) {

if (dy == 0 && dx == 0)
continue;

;i) {

je=1; j+) {

0)

continue;
pix00 = ACCI[image_center
pix10 = ACCI[image_center+smallwin_offset_y*dy+(i*image WD)+smallwin_offset_x*dx+jl;
sad += sad(pix00, pix10);
}
}
}

if (SAD[yout+x] > (255%6%3%6)/200 && sad < SAD[yout+x]) {
SAD[yout+x] = sad;
ACCO[yout+x] = offset;
}
}
}

.

int image_center = yin+((x/coresize*WINSIZE+(offset*(coresize-(x/coresize)))/coresize+shift_x)+*1021/1024);

+(i*image_WD) +j1;

/
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-

//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A
//EMAX4A

start .start_gdepth_x1:

ctl map_dist=9

while (ri+=,-1)

add (ri+=,1),r0

sub (-1,r0)|and (-,15),r1
lor (r0,0)>>4,r2

mluh (r1,ri)lor (-,0)>>4,r3
mluh (r2,ri),rd

add (ri,ri),r5

add3 (r3,r4,r5) lor (-,0)<<2,r0
lor (r0,0),r1
lor (r0,0),r2
lor (r0,0),r3

@0,0
0,1
01,0

011,0
011,2
012,0
012,1
12,2
12,3
@13,0
013,1
013,2
013,3
014,0
014,1
014,2
014,3
15,0
015,1
015,2
15,3
@16,0
016,1
016,2
016,3
17,0
017,2
018,0
018,1
018,2
18,3
@19,0
019,1
019,2
019,3
©20,0
©20,2
©21,0
021,1
@21,2
@21,3
@22,0
@22,1
@22,2
@22,3
©23,0
023,1
023,2
©23,3
©24,0
@24,1
24,2
©24,3
@25,0
@25,1
©25,2
©25,3
©26,0
©26,2
©27,0
027,1
027,2
@27,3
@28,0
©28,1
©28,2
©28,3
©29,0
©29,2
@30,0
@30,1
@30,2
@30,3
@31,0
@31,2
@32,0
@32,1
@33,0
33,1
33,2
©34,0
034,1

1d (r0,ri),r21
14 (r1,ri),r9
1d (r2,7i),r23
1d (r3,7i),ril

msad
msad
msad
msad
mauh
mauh
mauh
mauh

(r8 ,120),r24
(r9 ,r21),125
(r10,122) ,r26
(r11,r23) ,r27
(ri,r24),r28 rgilo0,]
(ri,r25),r29 rgilo0,]
(ri,r26),r30 rgilo0,]
(ri,r27),r31 rgilo0,]

1d (r0,ri),r21 rgil,ymm_xm_p4:] & 1d (r0,ri),r20 rgil,ymm_xm_m4:] lmr[.x1_la_acci_ymm_0:,0,0,0,0,.x1_ma_acci_ymm_
& 1d (r2,ri),r22 rgil,ymm_xp_m4: 0,0,0,0

1d (r2,ri),r23 rgil
msad (r8 ,r20),r24
msad (r9 ,r21),r25
msad  (r10,r22),r26
msad  (r11,r23),r27
mauh  (r28,r24),r28
mauh  (r29,r25),r29
mauh  (r30,r26),r30
mauh  (r31,r27),r31
1d (r0,ri),r21 rgil
1d (r2,ri),r23 rgil
msad (r8 ,r20),r24
(r9 ,r21),r25
(r10,122) ,r26
(r11,r23) ,r27
(r28,r24) ,r28
(r29,125) ,r29
mauh  (r30,r26),r30
mauh  (r31,r27),r31
1d (r0,ri),r21 rgil
1d (r1,ri),r13 rgil
1d (r2,ri),r23 rgil
1d (r3,ri),r15 rgil
msad (r12,r20),r24
msad (r13,r21),r25
msad (r14,r22),r26
msad  (r15,r23),r27
mauh  (r28,r24),r28
mauh  (r29,r25),r29
mauh  (r30,r26),r30
mauh  (r31,r27),r31
1d (r0,ri),r21 rgil
1d (r2,ri),r23 rgil
msad (r12,120),r24
(r13,r21),125
(r14,r22) ,r26
(r15,123) ,r27
(r28,r24) ,128
(r29,125) ,r29
mauh  (r30,r26),r30
mauh (r31,r27),r31
1d (r0,ri),r21 rgil
1d (r2,ri),r23 rgil
msad (r12,r20),r24
(r13,r21),125
(r14,r22) ,126
(r15,r23) ,r27
(r28,r24) ,r28
(r29,125) ,r29
mauh  (r30,r26),r30
mauh  (r31,r27),r31
1d (r0,ri),r21 rgil
1d (r1,ri),r17 rgil
1d (r2,ri),r23 rgil
1d (r3,ri),r19 rgil
msad (r16,r20),r24
msad (r17,r21),r25
msad (r18,r22),r26
msad  (r19,r23),r27
mauh  (r28,r24),r28
mauh  (r29,r25),r29
mauh  (r30,r26),r30
mauh  (r31,r27),r31
1d (r0,ri),r21 rgil
1d (r2,ri),r23 rgil
msad (r16,r20),r24
(r17,r21) ,r25
(r18,r22) ,r26
(r19,r23) ,r27
(r28,r24) ,r28
(r29,125) ,r29
mauh  (r30,r26),r30
mauh (r31,r27),r31
1d (r0,ri),r21 rgil
1d (r2,ri),r23 rgil
msad (r16,r20),r24
(r17,r21) ,r25
(r18,r22) ,r26
(r19,r23) ,r27
(r28,r24,r25)
(r30,126,r27)
(r28,r30)

msad
msad
msad
mauh
mauh

msad
msad
msad
mauh
mauh

msad
msad
msad
mauh
mauh

msad
msad
msad
mauh
mauh

msad
msad
msad
mauh3
mauh3
mauh

cmp.1t (r31,r28),c0

»ymm_xp_p4:

rgi[1528,]
rgil35,]

rgil,.x1_offset:]
rgil,75]

rgil.x1_shift_x:,.x1_yin:]

rgil,yzm_xm_p4_0:] & 1d (x0,ri),r20
rgil,yzm_xz_p4_1:] & 1d (ri1,ri),r8
rgil,yzm_xp_p4_2:] & 1d (xr2,ri),r22
rgil,yzm_xz_p4_3:] & 1d (xr3,ri),r10

rgil,yzn_xm_m4_0:] lmr[. .x1_ma_acci_yzm_0:,7240]
rgil,yzm_xz_m4_1:] lmr[. .x1_ma_acci_yzm_1:,7240]
rgil,yzm_xp_m4_2:] lmrl[. .x1_ma_acci_yzm_2:,7240]
rgil,yzm_xz_m4_3:] lmr[. .x1_ma_acci_yzm_3:,7240]

mr[.x1_la_acci_ymm_2:,0,0,0,0, .x1_ma_acci_ymm_

,ypm_xm_p4:] & 1d (r0,ri),r20 rgil,ypm_xm_m4:] Imr[.x1_la_acci_ypm_0:,0,0,0,0,.x1_ma_acci_ypm_0:,7240]
:,0,0,0,0

,ypu_xp_p4:] & 1d (r2,ri),r22 rgil,ypm_xp_m4:] lmr[.x1_la_acci_ypm_

,yzz_xm_p4
,yzz_xz_p4
»yZZ_Xp_p4
,yzz_xz_p4

,ymz_xm_p4:] & 1d (r0,ri),r20 rgil,ymz_xm_n4:] lmr[.x1_la_acci_ymz_0:,0,0,0,0,.x1_ma_acci_ymz_
& 1d (r2,ri),r22 rgil,ymz_xp_m 0,0,0,0

»ymz_Xp_p-

_0:1 & 1
_1:1 & 1
_2:1 & 1
_3:1 & 1

d (x0,ri),r20
d (r1,ri),r12
d (r2,ri),r22
d (r3,ri),rl4

,0,0,0,0, .x1_ma_acci_ypm_|

rgil,yzz_xm_md_0:
rgil,yzz_xz_md_1:
rgil,yzz_xp_md_2:
rgil,yzz_xz_m4_3:

lmr[.x1_la_acci_yzz_0:
Imr[.x1_la_acci_yzz_1
Imr[.x1_la_acci_yzz_2
lmr[.x1_la_acci_yzz_3:,

,.x1_ma_acci_yzz_0:,7240]
.x1_ma_acci_yzz_1:,7240]
,.x1_ma_acci_yzz_2:,7240]
,.x1_ma_acci_yzz_3:,7240]

]
]
]
]

mr[.x1_la_acci_ymz_2:,0,0,0,0,.x1_ma_acci_ymz_

,ypz_xm_p4:] & 1d (r0,ri),r20 rgil,ypz_xm_m4:] Imr[.x1_la_acci_ypz_0:,0,0,0,0,.x1_ma_acci_ypz_0:,7240]
:,0,0,0,0

,ypz_xp_p4:] & 1d (r2,ri),r22 rgil,ypz_xp_m4:] lmr[.x1_la_acci_ypz_

,yzp_xm_p4
,yzp_xz_p4
»yZp_xp_p4
,yzp_xz_p4

»ymp_xm_p:
» ymp_Xp_p-

,ypp-xm_p4:] & 1d (r0,ri),r20 rgil,ypp_xm_m4:] lmr[.x1_la_acci_ypp_0:,0,0,0,0,.x1_ma_acci_ypp_
»ypp-xp_p4:] & 1d (r2,ri),r22 rgil,ypp_xp.m4:] lmr[.x1 la_acci_ypp.2:,0

,T28
, 130

cmp.gt (r28,ri),cl rgil,137
lor (ri,0),r30 rgil.x1_ofso:,]

cexe (,,c1,c0,0x8888) & st r31,(ri+=,4) rgil.xi_sado:,] lmx[.x1_la_sado:,0,0,0,0
cexe (,,c1,c0,0x8888) & st 30, (ri+=,4) rgil.xl_acco:,] lmx[.x1_la_acco:,0,0,0,0

end .end_gdepth_x1:

_0:]1 & 1
_1:1 & 1
_2:1 & 1
_3:1 & 1

| suml (-),r31

d (x0,ri),r20
d (r1,ri),r16
d (r2,ri),r22
d (r3,ri),r18

& 1d (r0,ri),r20 rgil,ymp_xm_m
1 & 1d (r2,ri),r22 rgil,ymp_xp_m4:] lmr[.x1_la_acci_ymp_2

,0,0,0,0, .x1_ma_acci_ypz._.

rgil,yzp_xm_m4_0:
rgil,yzp_xz_mé_1:
rgil,yzp_xp_mé_2:
rgil,yzp_xz_mé_3:

mr[.x1_la_acci_yzp_0:,0,0,0,0, .x1_ma_acci_yzp_0:,7240]
lmr[.x1_la_acci_yzp_1:,0,0,0,0,.x1_ma_acci_yzp_1:,7240]
mr[.x1_la_acci_yzp_2:,0,0,0,0,.x1_ma_acci_yzp_2: ,7240]
0,0,0,0

]
]
]
] Imr[.x1_la_acci_yzp_3:, ,.x1_ma_acci_yzp_3:,7240]

mr[.x1_la_acci_ymp_0:,0,0,0,0, .x1_ma_acci_ymp_
0,0,0,0

,0,0,0,0,.x1_ma_acci_ymp_!

,0,0,0,0, .x1_ma_acci_ypp_.

& 1d (ri+=,4),r28 rgil.x1_sadi:,] 1mf[.x1_la_sadi:,0,0,0,0,.x1_ma_sadi:,1528]

,.x1_ma_sado:,1528]
,.x1_ma_acco:,1528]

Y.Nakashima Proprietary & Confidential

EMAX2asic/ZYNQ and EMAX4/bsim Handbook




65 CHAPTER 3. EMAX4/BSIM

3.7 Examples (graph processing)

See proj-arm32/sample/tricount8/tricount-emax4.S. Triangle counting with CGRA and transactions
is implemented. See proj-arm32/sample/dijkstra3-shimizu/dijkstra-emax4.S. Dijkstra with CGRA and

transactions is implemented.

3.7.1 Triangle counting kernel0 with TCU

- A
void tri_kernelO(struct param_bfs *param)
{
volatile int i, j, pid, qid, MVL, MEL;
volatile struct vertex *p, *np, *q;
volatile struct neighborvertex *n;

np = param->nextp;
MVL = param->maxvlist;
MEL = param->maxelist;
pid = p->id;

for (j=0; j<p->nedges; j++) { /% R OBt iV —7 256 [HlHEfRIE */
n = p->npage [j/MAXNV_PPAGE]+(j%MAXNV_PPAGE)
q= /* R 0Pt:neighborvertex %2fk%[iliE pointer Zf{HZMH */
qid /* R OB:FE +/
if (!g->parent) { /% R 1Btivertex 2{K%MLE pointer->pointer %[ ZH +/
T L ——
while (cmpxchg(&Sem0, -1, param->th) != -1);
T L ———
if (1g->parent) { /* R 1BGRE +/
if (nnextfrontiers >= MVL) {
printf ("vlist[%d] exhausted\n", MVL)
exit(1);
}
gq->parent = pid; /*
g->depth = depth; /*
gq->findex = nnextfrontiers; /*
nextfrontier [nnextfrontiers] = q; /*
nnextfrontiers++; /*
nnextfrontiers__neighbors+=q->nedges
}
T ———
/*cmpxchg(&Sem0, param->th, -1);%/
release(&Sem0, -1);
T —
}
else if (q->depth==depth-1 && q->findex<i) { /* R 1Bt:vertex k%Ml pointer->pointer #{H\ B */
T T —
while (cmpxchg(&Seml, -1, param->th) != -1);
T L ———
if (nfrontier_edges >= MEL) {
printf("elist[%d] exhausted\n", MEL)
exit(1);
}
frontier_edge[nfrontier_edges].src = (pid<qid)?p:q; /* W 2% :frontier_edge[] Hifi */
frontier_edge[nfrontier_edges].dst = (pid<qid)?q:p; /* W 2B&:[ L */
nfrontier_edges++; /x W 2B:FE +/
nfrontier_edges__neighbors+=((pid<qid)?p:q)->nedges;
T ———t
/*cmpxchg (&Sem1, param->th, -1);%/
release(&Seml, -1);
T L ———

2 Bt:verex HH */

2B b x/

2B b x/

2 Bt:next_frontier([] HHi */
2B b x/

z====

. J
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-

//EMAX4A start .emax_start_tri_kernelO:

//EMAX4A ctl map_dist=1

//EMAX4A ©0,0 while (ri+=,-1) rgil.emax_count_tri_kernel0:,] &

//EMAX4A ©0,1 &

//EMAX4A ©0,2 &
&
&

4),r0 rgi[-4,] ! rI(x0)
//EMAX4A @0,3 1d (ri+=,4),r1 rgi[-4,] ! rV(r1)
//EMAX4A @1,0
/7 ! 2RO vertex Jil neighborvertex (D prefetch
//EMAX4A ©2,0 cmp.lt (ri,r0),cO rgil.emax_rgiOdpid_tri_kernel0:,] & 1d (r1,8),r2 mmr[,0,2,0,0,,1]

//EMAX4A ©3,2 cexe (,,,c0,0xaaaa) cmov (ri,r2),r8 rgil.emax_rgiO7ne_tri_kernel0:,] ! (cond ? comst(p):q)->nedges) -> rNEN(r8)
//EMAX4A ©3,3 cmp.eq (r3,0),c0
//EMAX4A ©4,0 cexe (,,,c0,0xaaaa) & 1d (r1,12),- mmtr[0,.transO_start_tri_kernel0,.transO_end_tri_kernel0] ! mem_bank tr_top tr_end

//EMAX4A @5,0 cmp.ne (r3,0),c0
//EMAX4A @5,1 cmp.eq (r4,ri),cl rgil,.emax_rgiO8de_tri_kernel0:] ! const(depth-1)
//EMAX4A @5,2 cmp.lt (r5,ri),c2 rgil,.emax_rgi09i_tri_kernel0:] ! const(i)

// ~c3c2c1co DOflAE: 1111,1110,1101,1100,....,0011,0010,0001,0000 D& %12 0/1 % #Y) M T/ 16bit % f5iE
// c2uc1acO DHjEIE, 1000000010000000=0x8080

//EMAX4A @6,1 & 1d (r7,0),- ! (dstp) word#l —

//EMAX4A 6,2 & 1d (r8,0),- ! (nen) word#2 —

//EMAX4A end .emax_end_tri_kernelO:

//EMAXAT start .transO_start_tri_kernelO:
//EMAXAT @0 read base=r0 ofs=0 7ne(0) term dst=r4 ! reg#d IFFEPKITIXEAIAL A
//EMAXAT @1 read ransO_nnf_tri_kernel0: ofs=0 7ge(.transO_MVL_tri_kernelO:) error dst=r5 ! mnf->r5

//EMAXAT @2 write ofs=0 src=.transO_pid_tri_kernelO: ! pid
//EMAXAT @3 write ofs=4 src=.transO_dep_tri_kernelO: ! depth
//EMAXAT @4 write ofs=8 src=r5 ! nnf

//EMAX4T @5 write base=.transO_nfp_tri_kernelO: ofs=r5<<2 sre=rl ! g

//EMAX4T @6 read 5 +1 dst=r5 ! nnf increment

//EMAX4T @7 read
//EMAXAT @8 write bas transO_nn2_tri_kernel0O: ofs=0 src=r5
//EMAXAT @9 write base=.transO_nf2_tri_kernelO: ofs=0 term src=r6é
//EMAX4T end .transO_end_tri_kernelO:

'
1
1

.transO_nfn_tri_kernel0O: ofs=0 +12 dst=r6 ! nnf_n->tmp#2 #J[1/DIH mem-read
1
1

//EMAXAT start .transl_start_tri_kernelO:

//EMAX4T @O0 read base=.transl_nfe_tri_kernel0: ofs=0 ?ge(.transl_MEL_tri_kernel0:) error dst=r5 ! nfe->reg#5
//EMAXAT @1 write base=.transl_fre_tri_kernel0: ofs=r5<<3 src=r0
//EMAXAT @2 write base=.transl_fr4_tri_kernel0: ofs=r5<<3 src=rl
//EMAXAT @3 read regv=r5 +1 dst=r5
//EMAXAT @4 read base=.transi_nen_tri_kernel0: ofs=0 +r2 dst=r6
//EMAXAT @5 write base=.transi_nf2_tri_kernel0: ofs=0 src=r5
//EMAXAT @6 write base=.transi_ne2_tri_kernel0: ofs=0 term src=ré
//EMAXAT end .transl_end_tri_kernel0:

nfe increment
nfe_n->reg#6 #J[1D mem-read

! unit0<-(nedges) addr — < data0 rE(r2)
//EMAX4A @2,1 & 1d (,),r3 ! uniti<-(parent) < datal rP(r3)
'

//EMAX4A @2,2 & 1d (,),r4 ! unit2<-(depth) < data2 rD(r4)
//EMAX4A ©2,3 & 1d (,),rb ! unit3<-(findex) < data3 rF(r5)
//EMAX4A ©3,0 cexe (,,,c0,0xaaaa) cmov (ri,r1),r6 rgil.emax_rgiOS5p_tri_kernel0:,] ! cond 7 const(p):q -> rSRC(r6)
//EMAX4A @3,1 cexe (,,,c0,0xaaaa) cmov (r1,ri),r7 rgil,.emax_rgiO6p_tri_kernel0:] ! cond ? q:const(p) -> rDST(x7)

// ~ttcE fsm FREHTC, Al MEM 25 F T VY Ya Yy - RAKERSTL SLHlA (2 BHABRIZ YA %
1/ WarE, RTVFIYava— RiE MUX ICEEFL U, fsmomemi O mem_top THIETX 5.

// ~c3c2c1c0 DA : 1111,1110,1101,1100, . ...,0011,0010,0001,0000 D# 42 0/1 Z#|V) T/ 16bit ZHE

/1 <0 DE{lE, 1010101010101010=0xaaaa

//EMAX4A @4,1 & 1d (r1,0),- ! (@) word#1 —

//EMAX4A @4,2 & 1d (0,r2),- ! (nedges) word#2 — 03.0.t1_v %' conflict §HDT (r2,0) TiFA< (0,r2) 2L Te3.0.t2_v %l

//EMAX4A ©6,0 cexe (,c2,c1,c0,0x8080) & 1d (r6,0),- mmtr[0,.transi_start_tri_kernel0,.transl_end_tri_kernel0] ! mem_bank tr_top tr_end

,4),- rgil-4,] 1mr[0,0,2,2,0,.emax_lmrma0_tri_kernel0:,.emax_lmrlO_tri_kernel0:]
4),- rgil-4,] ! prefetch HA5 1d %7 (=) (=) (id) (vp), BIFNIE gather #% 1d Filki

1mp[0,0,2,2,0, .emax_lmpmaO_tri_kernelO:,.emax_lmplO_tri_kernel0:]

(e

reg(nnf) writeback f#4fYIZI% EMAX4A #£ T HFOD A
reg(nnf_n) writeback A&MIZIZ EMAXAA 4T RGO AEfE

reg(nfe) writeback f#4fYIZI% EMAX4A #£ T HFOD AW
reg(nfe_n) writeback MAXMIIZId EMAX4A #4 7T BFODHEfE

3.7.2 Triangle counting kernell with TCU

void tri_kernell(struct param_tricount *param)

{
/* search triangle in {frontier,next} */
/% case 1: e € frontier, v € prev */
/* case 2: e € frontier, v € frontier */
/* case 3: e € frontier, v € next */

int i, j, pid, qid, sdepth, tdepth, tricount;
Struct vertex *p, *np, *q, *t;
struct neighborvertex *n;

p = param->p;

np = param->nextp;
= param->t;

pid = p->id;

sdepth = p->depth;

tricount = 0;

for (j=0; j<p->nedges; j++) { /* R OBtV —7 256 [OlfEFEE */
= p->npage [j/MAXNV_PPAGE]+(j%MAXNV_PPAGE)
q = n->vp; /* R 0B:neighborvertex &A% MNlE pointer %l ZHE */
qid = n->id; /* R OB E +/
tdepth = g->depth; /% R 1Bt:vertex k%Ml pointer->pointer % fH\ZM */
if ((tdepth==sdepth-1) || (tdept pth+1) | | (tdept! pth && qid<pid)) { /* R 2B¢:ILiE +/
if (search_nvertex(t->nhashtbl, qid)) /* R 3 Bt:HASH-SEARCH/CAM-SEARCH */
tricount++; /x W ABGAY Y BER +/
}
}

param->tricount += tricount;

.
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//EMAX4A start .emax_start_tri_kernell

//EMAX4A ctl map_dist=1

//EMAX4A ©0,0 while (ri+=,-1) rgil.emax_count_tri_kernell:,] & 1ld
//EMAX4A ©0,1 & 1d
//EMAX4A ©0,2 & 1d
//EMAX4A ©0,3 & 1d (r
//EMAX4A ©1,0 &

1/

//EMAX4A 02,0 & 1d (r
//EMAX4A 02,1 & 1d (,
//EMAX4A 02,2 & 1d (,

//EMAX4A 2,3 & 1d (,
//EMAX4A ©3,0 cmp.eq (r4,ri),cO rgil,.emax_rgiO4sdmi_tri_kernell:
//EMAX4A ©3,1 cmp.eq (r4,ri),cl rgil,.emax_rgiO5sdpi_tri_kernell:
//EMAX4A ©3,2 cmp.eq (r4,ri),c2 rgil,.emax_rgi0O6sd_tri_kernell:]
//EMAX4A ©3,3 cmp.lt (r0,ri),c3 rgil,.emax_rgiO7pid_tri_kerneli:]
/7

//EMAX4A end .emax_end_tri_kernell

//EMAXAT start .transO_start_tri_kernell
//EMAXAT @O0 read base=.transO_nht_tri_kernell: ofs=r0.0<<2 7eq(0)

//EMAXAT @1 read base=r5 ofs=8 7eq(x0
//EMAXAT @2 read base=r5 ofs=0 7eq(0
//EMAXAT @3 read base=.transO_trO_tri_kernell: ofs=0 +1
//EMAX4T 04 write base=.transO_trl_tri_kernell: ofs=0 term

//EMAX4T end .transO_end_tri_kernell

rgi[-4,] 1mr[0,0,2,2,0,.emax_lmrmaO_tri_kernell:,.emax_lmrlO_tri_kernell:]
rgi[-4,] ! prefetch H45 1d F4T (-)(-)(id) (vp), AL gather # 1d Filh
rgi[-4,] ! rI(x0)

i+=,4),r1 rgi[-4,] ! rV(r1)

1,8),r2
),r3
),ré
),xr5

mmr[,0,2,0,0,,1]

const (sdepth-1)
const (sdepth+1)

const (sdepth)
const (pid)

term dst=r5
@3 dst=r4
term @1 dst=r5
dst=r6
src=ré

1mp[0,0,2,2,0, .emax_lmpmaO_tri_kernell:,.emax_lmplO_tri_kernell:]
! RO vertex Jiil neighborvertex (D prefetch

! unit0<-(nedges) addr — < data0 rE(r2)

! uniti<-(parent) < datal rP(r3)

! unit2<-(depth) < data2 rD(r4)

! unit3<-(findex) < data3 rF(r5)

t->nhashtbl % LMM (I prefetch L C&\ . il 1 [T HIT ¥ £ X TH hash MBFBUITHAES V) @ d{LTHE

// 727U, seqlink &H74Y), hash AU V #8< ) ¥ 2138, next_ptr OZMATLE. addr->TLB->LMM
//EMAX4A @4,0 cexe (c3,c2,cl,c0,0xfeee) & 1d (r0,0),- mmtr[0,.transO_start_tri_kernell,.transO_end_tri_kernell] ! mem_bank tr_top tr_end

// ~c3c2c1c0 M : 1111,1110,1101,1100, ... .,0011,0010,0001,0000 D# 42 0/1 Z#|) T/ 16bit ZHE

/1 cOlcll(c2&c3) D¥Erld, 1111111011101110=0xfeee

vp->reghb
hash #FFROEB tmp#0 FEBIEFEFHL 2V
repeat

increment #J[AlD% mem-read tricount->reg#6
writeback I#4MYIZIE EMAXAA #4T 0D AHh{E

~

3.7.3 Dijkstra kernel with TCU

-

void *dij_kernel(param) struct vertex *param;
{

//puts("ker1");

int j, MFL, min_dist, new_dist;

struct frontier *pf;

struct frontier *f;

struct vertex *p, *q;

struct neighborvertex *n;

P = param;
//MFL = param->maxflist;
for (j=0; j<p->nedges; j++) {
n = p->npage [j/MAXNV_PPAGE]+(j%MAXNV_PPAGE)
q = n->vp;
new_dist = p->total_distance + n->distance;
if (gq->total_distance > new_dist) {
L ———
//while (cmpxchg(&Sem, -1, )
T ——
if (g->total_distance > new_dist) {
if (!freelist) {
printf ("frontier[%d] exhausted\n", MFL)
exit(1);
}

£ = freelist;

-1);

freelist = freelist->fp;
f->vp = q;

//nfrontiers++;

g->parent = p;
q->total_distance = new_dist;

£->fp = dclass[new_dist%MAXDCLASS] ;
dclass [new_dist%MAXDCLASS] = f;
//£->pfp = dclass[new_dist%MAXDCLASS];

T ——
//cmpxchg(&Sem, param->th, -1);
T ———

/
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-

//EMAX4A start .emax_start_dij_kernel:

//EMAX4A ctl map_dist=1

//EMAX4A @0,0 while (ri+=,-1) rgil.emax_count_dij_kernel:,] & 1ld (ri
//EMAX4A ©0,1 1d (ri
//EMAX4A ©0,2 1d (ri
//EMAX4A ©0,3

//EMAX4A @1,0 add (ri,r0),r10 rgil.emax_t_dist_dij_kernel:,]
//EMAX4A @2,0

data0 rE(r2) ! (lmm_top) mem_bank width block dist (top) len

4),-

4),-

new_dist(r10) =

R N N

//EMAX4A ©2,1 & 1d (,),r3
//EMAX4A ©2,2 & 1d (,),r4
//EMAX4A @2,3 & 1d (,),-

//EMAX4A 3,0 cmp.lt (r10,14),c0 ! cO =
//EMAX4A @3,1 cmp.eq (r3, 0),cl
//EMAX4A ©3,2 | and (r10,0x7f),ril

new_dist(r10) < total_distance

//EMAX4A 04,0 cexe (,,,c0,0xaaaa) & 1d (r10,0),-
//EMAX4A 04,1 & 1d (r1,0),-
//EMAX4A 04,2 & 1d (r11,0),-

//EMAX4A end .emax_end_dij_kernel:

//EMAX4T start .transO_start_dij_kernel:

//EMAXAT @0 read ofs=8 ?ge(r0)Q1 term dst=r4d
//EMAXAT @1 read ofs=0 dst=r4

//EMAX4T @2 read ofs=0 dst=r5

//EMAXAT @3 write base=.transO_f12_kernel: ofs=0 src=rb

//EMAX4T 04 write 4 ofs=4 src=ri

//EMAX4T @5 read .transO_dclass_kernel: ofs=r2<<2 dst=ré

//EMAX4T @6 write 4 ofs=0 src=r6

//EMAXAT @7 write .transO_dcl1_kernel: ofs=r2<<2 src=r4

//EMAXAT @8 write base=rl ofs=4 src=.transO_p_kernel:
//EMAX4T @9 write base=r1l ofs=8 term src=r0

//EMAX4T end .transO_end_dij_kernel:

.

rgil-4,] 1mr[0,0,2,2,0, .emax_lmrma0_dij_kernel:,.emax_lmrl0_dij_kernel:]
4),r0 rgi[-4,] ! distance(r0)

rgil-4,] !

1d (ri+=,4),r1 rgi[-4,] ! *vp(r1)

ri(t_dist) + distance(r0)

1d (r1,0),r2 mmr[,0,2,0,0,,1]

mmtr [0, . transO_start_dij_kernel,.transO_end_dij_kernel
! arg(r10, ri, ri1) = (new_dist, q, new_dist%MAXDCLASS)

!registration to dclass and swith freelist rO=new_dist ri=q r2=dclass_index=new_dist%MAXDCLASS r3=p

! unit0<-(nedges) addr

! uniti<-(parent) < datal rP(r3)
! unit2<-(total_distance) < data2 rTD(r4)
! unit3<-(min_neighbor_dist) < data3 rMND(r5)

! mem_bank tr_top tr_end

! if (total_distance < new_distance) then term

r4 = f = freelist
5 = £->fp
freelist = freelist->fp

freelist->vp = q
r6 = dclass[r2]

£(r4)->fp = ré6(dlass[r2])
dclass([r2] = £(r4)

! q(r1)->parent = p

! q(r1)->total_distance = new_distance

3.8 Compiling application programs

See “all:” tag in each Makefile-arm.emax4.

3.9 Executing application programs on simulator

See “run:” tag in each Makefile-arm.emax4.
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EMAX2asic ZYNQ 1 Y E 72 —A ............... proj-arm32/fpga/step4008-ZYNQ-fpu-rohm18/
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ARM 7 —=F77F YibkE ..o proj-arm32/doc/arm/DDI0100E_arm_arm.pdf
ARM Y AT AI—IVERRE o proj-arm32/doc/arm/swi.pdf
EMAX4/bsim fEAE ..o proj-arm32/doc/emax4/emax4.pdf
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EMAXA 77XV T T proj-arm32/bin/arm-uclinux-eabi-as
EMAX4 U ¥ A proj-arm32/bin/arm-uclinux-eabi-1d
EMAX4A W7V 7T o proj-arm32/bin/arm-uclinux-eabi-objdump
EMAXA REHES £ 750 proj-arm32/arm-uclinux-eabi/lib/*.a
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e EMAXA ¥/ X o =8 proj-arm32/src/bsim /bsim
o T (W7 IVR) proj-arm32/sample/filter /filter-arm.emax4
o T LM GREVNEUS ATV IIV) L. proj-arm32 /sample/stencil-pipe/stencil-arm.emax4
o T A (4D WG FAE) L proj-arm32/sample/4dimage /gather-arm.emax4
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