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7 CHAPTER 1. HARDWARE STRUCTURE

Chapter 1

Hardware structure

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, LMM (Local Memory Module) 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 operations.
Moreover, the combination of EX1, EAG and local memory module 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 local memory
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1.2. BASIC STRUCTURE 8

modules.

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 local memory
module 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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IXB
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Figure.1.1: EMAX2 basic function.

Figure.1.2: Interconnection of functions.
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1st stage
2nd stage
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Figure.1.4: Interconnection of units.
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Chapter 2

Software specification

2.1 Instruction format

The instruction format for each unit is shown in Figure 2.1. 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, row-distance from previous instruction mapping
(should be used to effectively reuse LMMs which are not affected by the row-distance) and execution
count (number of cycles) the unit should work. ALU_OP specifies each operation 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 of host computer and local

memory module including FIFO.
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2.1. INSTRUCTION FORMAT

Case 1. @ow#, col #, di st
CGase 22 @owH, col #, di st
Case 3: @ow#, col #, di st

12

[count] AU CP rgi[label X ,label Y:] & MBM QP rgi [l abel X, | abel Y:] LMV GONTROL
[count] ALU CP rgi[l abel X , | abel Y:]

[count]

& MBMCP rgi[l abel X ,label Y:] LM GONTROL

rowtcol #
di st
count

T T
fhl:2 X:5 fhi:2 Yw:5|fhl:2 zr:5 [ ‘ Dv Du 5 Gv initX

\ v \ \Y init-val

=—
>—

inity
init-val
of Yr/i nm

32
32bi t

MEM

sufix:3 Yr:5|thru:l Zr:5 initXx inity \ len di st

init-val init-val
of X of Yr/i nm

prefetch

t op_addr

U
opcd | P
D
1

struct insn { /* EMAX2 instruction format */

struct
Uint
Uint
Uint
Uint
Uint

header {
v
insn_row
insn_col
insn_dist
count

} header;

struct
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
} alu;
struct
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
Uint
} mem;
struct
Uint
Uint
Uint
Uint
} ctl;

alu {
exl_use_r
exl_op :
ex2_op :
sft_op :
upd
Xini
Xfhl
Xr
Yini
Yfhl
Yr
Zfhl
Zr :
simmS_v:
simmS
immT_v :
immT
Dw_v

Dw

Cw_v
initX;
initY;

mem {
op
upd
Xini
Xr
Yini
Ysuffix:
Yr :
Zthru
Zr
initX;
initY;

ctl {

v : 3; /* 0:

O = 01 W 0=

egZ
6; /*

HVA
; /%

[ure
e v O
~N
*

/%
/%

/%

len : 20;

dist : 9;
top;

1

6
35

6

>

>
>

16

1;
0:

fo

no

/* insn on */
/* max 64 */
/* max 8 */
/* max 64 */
; /* max 65536 */

ex2_op use regX others:ex2_op use (-) */

:noinit 1:ri */

1:SUFLO 2:SUFHI 3:ri/SUFFL */

:noinit 1:ri/imm */
:imm 1:SUFLO 2:SUFHI 3:ri/SUFFL */

1:SUFLO 2:SUFHI 3:SUFFL */

:simmS is not used */

:immT is not used */

:Dr is not used */

:CC is not used */

:noinit 1:ri */

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

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

p, 1:LMR, 2:LMW, 3:LMX, 5:LMF(force read) */

} insn[INSN_DEPTH] [INSN_WIDTH]; /* 1Owords/unit */

-
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13 CHAPTER 2. SOFTWARE SPECIFICATION

2.2 ALU._OP

The format of ALU operations is shown in Figure 2.2. EX1, EX2 and SFT are mnemonic such as

w_»

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”,

2

“(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).

“” indicates following mnemonic is assigned to

type-1: BEXL (X, Yr/imm32) BRQ (-, Zry [SFT inmmb], Dw Gwv
type-2: EXL (X, Yr/imm32) BR (-, sinmmi3) [SFT Zr], DwGwv
type-3: BEXL (X, Yr/im32) BXQ (-, simm3) [SFT imm®d], Dw Gv
type-4: BEXL (X, Yr/im32) BXQ (-) ST zZr], DwGwn
type-5: BEXL (X, Yr/i m32) BC (-) SFT immd), Dw Gwv
type-6: EXL (X, Y/imm82, Zr) | BR (-, simmi3) [SFT imd], Dw Gv
type-7: BEXL (X, Yr/imm82, Zr) | BER (-) SFT imm®], Dw Gv
type-8: B (X, W/im82) [SFT Zr], DwGwn
type-9: B2 (X, Yr/imm82) [SFT inmd], Dw Gwv
type-a: BX2 (X) ST Zr], DwGn
type-b: B2 (X) SFT inmm%], Dw Gy
type-c: BEXL (X, Yr/imm32) , Dwv Qv

type-d: BEXL (X, Yr/imm32, Zr), Dw Gw

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

type-f: BEXL (X, Yr/imm32, Zr)

Figure.2.2: Format of ALU operation.

Dw and Cw are register numbers (r0-15 and c0) of destination registers. If Dw is omitted, no register
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 2.1, Table 2.2 and Table 2.3 respectively.
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Table.2.1: EX1 operations

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 (x)
Xr+Yr+Zr or Xr+imm32+7Zr (x)
Xr-Yr or Xr-imm32 (x)

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

16bit[2] operations

mauh
mauh3
msuh

msuh3

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

16bit[2] Xr+Yr (1)
16bit[2] Xr+Yr+Zr (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.{fhl}, Yr.{fhl})
Xr, Yr, Zr)

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) (1)

(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

1db (Xr[+=], Yr/imm32) load signed byte from EX2_FIFO

ldub (Xr[+=], Yr/imm32) load unsigned byte from EX2_FIFO

1dh (Xr[+=], Yr/imm32) load signed half from EX2_FIFO

lduh (Xr[+=], Yr/imm32) load unsigned half from EX2_FIFO

1d (Xr[+=], Yr/imm32) load word from EX2_FIFO

floating-point operations

fmul (Xr, Yr) floating-point multiply

fma3 (Xr, Yr, Zr) floating-point multiply and add

fadd (Xr, Yr) floating-point add
(x) += ... Get source from previous result of EX1 after first cycle. rgi[ | should also be specified.
(1) {fhl} . f:fullword h:byte3,byte2 = H16bit,L.16bit 1:bytel,byte0 = H16bit,L16bit
(1) sat ... Saturate 16bit = 8bit.

Y.Nakashima Proprietary & Confidential
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Table.2.2: EX2 operations

32bit operations

and (-/Xr, Zr/simm13/Yr/imm32) | Xr and Zr/simm13/Yr/imm32
or (-/Xr, Zr/simm13/Yr/imm32) | Xr or Zr/simm13/Yr/imm32
XOr (-/Xr, Zr/simm13/Yr/imm32) | Xr xor Zr/simm13/Yr/imm32

16bit[2] operations
sumh  (-/Xr) H16bit+L16bit = H16bit
suml  (-/Xr) H16bit+L16bit = L16bit

Table.2.3: SE'T operations

shift operations

<< Zr/imm5 | logical shift to left

>>  Zr/imm5 | logical shift to right

> M  Zr/imm5 | logical shift high/low 16bit to right

> A Zr/imm5 | arithmetic shift to right (original bit31 is sign extended

> B Zr/imm5 | arithmetic shift to right (original bit23 is sign extended
> C  Zr/imm5 | arithmetic shift to right (original bit15 is sign extended
(

— N — —

> D Zr/imm5 | arithmetic shift to right (original bit07 is sign extended

EMAX2 ARCHITECTURE HANDBOOK Y.Nakashima Proprietary & Confidential
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2.3 MEM_OP

Memory operations are listed in Table 2.4.

Table.2.4: Memory operations

load from LMM or LMM_FIFO

Idb  (Xr[+=], Yr.suffix/imm32), Dw | load signed byte from LMM or LMM_FIFO (x)(f)
ldub  (Xr[+=], Yr.suffix/imm32), Dw | load unsigned byte from LMM or LMM_FIFO (x)(f)
ldh  (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)(})
1d (Xr[+=], Yr.suffix/imm32), Dw | load word from LMM or LMM_FIFO (x)(f)

store to LMM

stb -/Zr, (Xr[+=], Yr.suffix/imm32) | store byte to LMM (x)(f)

sth  -/Zr, (Xr[+=], Yr.suffix/imm32) | store half to LMM (x)(})

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 (*)(})

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

2.4 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 host
computer can identify the location where some initial value should be set before the instructions are sent
to EMAX2 device driver. 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 “ri+4”

2.5 LMM_CONTROL

LMM_CONTROL specifies the type, start address, length, distance and some timing adjustment
information for transmitting data between main memory of host computer and local memory module
including FIFO. The format of LMM_CONTROL depends on the type field which should be one of

“Imr”, “lmw” , “Imx” or “lmf” (lmp and Imd are reserved for future extention).

lmr [ label:, len, dist |
This format is used for reading data from main memory of host computer to local memory module
including FIFO. “label:” corresponds to the start address of an array in main memory. “len” is the
number of words to prefetch. “dist” expresses the distance between elements of array by 4<<dist.
In the case of normal array with single words, dist should be 0.

Ilmw [ label:, len, dist ]

This format is used for writing data from local memory module to main memory of host computer
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after array execution completes.
Imx [ label:, len, dist |
This format is used when the local memory module should execute both of reading and writing.
Imf [ label:, len, dist |
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.
lmp [ label:, len, dist |
This format is used for overlapping array execution and prefetching (reserved for future extension:
macro-pipelining).
Imd [ label:, len, dist ]
This format is used to write back (drain) LMM to host memory (reserved for future extension:

macro-pipelining).

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

number (Xr) of load operation, rgi specification and Imr/Imf.

©2,0,0 [320] 1d (r12,0),r0 & 1d (r12+=,4),r31 rgil[A_minus_4:,] lmr[A:,320,0]
@2,1,0 [320] g 1d (r12, 4),rl
©2,2,0 [320] g 1d (r12, 8),r2
©2,3,0 [320] & 1d (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)").

2.6 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.

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

@4,3,0 sad (r3,r28) 4,2 sad (r2,r27) @4,1 sad (r1,r26) @4,0 sad (x0,r25)
©5,3,0 sad (r3,r27) @5,2 sad (r2,r26) @5,1 sad (r1,r25) @5,0 sad (r0,r24)

2.7 Application Binary Interface

Application programs should be written according to the interface provided by EMAX2 device driver.
Following is a typical style for calling EMAX. “call emax2_start” is a function leading to pwritev(usb,
iov, iovent, 0x10000100) system_call. The first argument (.emax_wvect) is the address of write vector and
the second argument (2) is the number of elements in the vector. The first element of write vector is a
pair of the start address of EMAX2 instructions (.emax_wctrl) and its length in bytes (.emax_wctrl_end-
.emax_wctrl). The second element of write vector is a pair of the start address of data to be transmitted
to EMAX2 and its length (320*4). Additional pair of the start address of read vector (.emax_rvect) and
the number of elements (1) should be attached next to the final element of write vector, so that EMAX2
can setup some address translation information for writing the result back to the host computer through
a buffer memory (DDR3 located between LMM and host computer is smaller than the main memory).

“call emax2_end” is a function leading to preadv(usb, iov, iovent, 0x10000100+read vect_offset) sys-
tem_call. The first argument (.emax_rvect) is the address of read vector and the second argument (1) is
the number of elements in the vector. The first element of read vector is a pair of the start address of
data to be transmitted from EMAX2 and its length (320*4).

a I
movl 8(%ebp),%eax

movl Yeax,.emax_mmr04

movl Y%eax,.emax_lmr04

movl Yeax,.emax_mmwO8

movl Y%eax,.emax_lmwO8

addl $-4,%eax

movl Y%eax,.emax_rgiO4

movl Yeax,.emax_rgiO8

pushl $2

pushl $.emax_wvect
call emax2_start
addl $8, Jesp

pushl $1

pushl $.emax_rvect
call emax2_end
addl $8, Jesp

.data
.p2align 4
.emax_wvect: .long .emax_wctrl, .emax_wctrl_end-.emax_wctrl
.emax_mmr04: .long 0x00000000, 320%4
.emax_rvtlb: .long .emax_rvect, 1
.emax_wctrl:
//EMAX2 @3,0 [320] & 1d (ri+=,4),r11 rgil.emax_rgiO4:,] Imr[.emax_lmr04:,320,0]
//EMAX2 @4,0 [320] minl (r10,r11) & st -, (ri+=,4) rgil[.emax_rgi08:,] 1lmw[.emax_1mw08:,320,0]
.emax_wctrl_end:
.emax_rvect:
.emax_mmw08: .long 0x00000000, 320%4

. J

Y.Nakashima Proprietary & Confidential EMAX2 ARCHITECTURE HANDBOOK



19 CHAPTER 2. SOFTWARE SPECIFICATION

2.8 Configuration data

The binary data of the instructions is not directly sent to each unit. Each unit requires lower level
information representing selection signal of each selectors and tri-state buffers as shown in Figure 2.3 and
Figure 2.4, so that no complicated instruction decoder is required on each unit. Such binary translation
from the instructions to the configuration data will be executed in EMAX2 device driver which can

memorize many configuration data and reuse them to speed up the translation.

/
struct conf { /* final information for EMAX2 hardware */ h
/* struct ixbc: select any portion in the same unit */
Uint ixbcO_sel_r : 4; /* O: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; /* 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 #/
/* 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 1:on */
/* struct idcc: dedicated to prev_ex2.d and prev_mem.d */
Uint idccO_sel_r : 1; /* O:off 1l:on */
/* struct edbc: select dst portion among neighbor units */
Uint edbcO_sel_r : 4; /x 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; /* O:off 1: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_s1_fhl 2; /x 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 0:off 2:82 */
Uint exlc_px2_r 2; /* 0:off 3:s3 */
Uint exlc_xl_r : 3; /* 5tol selector O:prev_plp] 4:ixb0 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(exl1l) 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 O: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 O:fixed_for_constant 1:t3_direct 2:from etb[] */
Uint _dmy3 5;
- v

Figure.2.3: Lower level configuration data (1/2).
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/* 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.2.4: Lower level configuration data (2/2).
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2.9 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 2.5 are calculated by
EMAX2 device driver and transmitted to EMAX2 with other source data.

a I

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) */
} Immv; /* 64bit */
} regv[UNIT_DEPTH] [UNIT_WIDTH]; /* 128bit(4words)/unit */

. J

Figure.2.5: Initial Values of Registers.

2.10 LMM Information

Unlike the configuration data, LMM information should be transmited to EMAX2 every time before
starting execution. LMM information shown in Figure 2.6 are calculated by EMAX2 device driver and
transmitted to EMAX2 with other source data.

4 N

struct lmmi {
struct ctl ctl; /* 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 _dmyl : 14;
Uint _dmy2 : 32;

} ddr3_tlb; /* 2word */

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

. v

Figure.2.6: LMM Information.

EMAX2 ARCHITECTURE HANDBOOK Y.Nakashima Proprietary & Confidential






23

Chapter 3

Examples

3.1 tone_curve

CHAPTER 3. EXAMPLES

//'

for(i=0; i<HT; i++)
tone_curve( &R[i*WD], &D[i*WD], lut );

1/
.text
.p2align 2
.globl tone_curve
.type tone_curve,@function

tone_curve: // void tone_curve(r, d, t) unsigned int *r, *d; unsigned char *t;
// int j;
// for (j=0; j<WD; j++) {

// xd = ((t) [*r>>24]1)<<24 | (£[256+((*xr>>16)&255)1)<<16 | (t[512+((*r>>8)&255)])<<8
/] rT++; de+;
/1Y

pushl %ebp

movl Yesp,%ebp

pushl %edi /* reg for any */

pushl %esi /* reg for any */

pushl %ebx /* reg for amny */

movl 8(%ebp),%eax

movl Yeax,.emax_mmfOO_tone_curve /# MMFILL src Outer-Loop */
movl Yeax,.emax_lmfOO_tone_curve /# LMFILL src Inner-Loop */
addl  $-4,%eax

movl Y%eax,.emax_rgiO0_tone_curve /* RGINIT src Inner-Loop */
movl 16(%ebp),%eax

movl Yeax,.emax_mmrOl_tone_curve /* MMFILL table Outer-Loop */
movl Yeax,.emax_lmrOl_tone_curve /* LMFILL table Inner-Loop */
movl Y%eax,.emax_rgiOl_tone_curve /* RGINIT table Inner-Loop */
addl  $256,%eax

movl Yeax,.emax_lmr02_tone_curve /* LMFILL table Inner-Loop */
movl Yeax,.emax_rgi02_tone_curve /* RGINIT table Inner-Loop */
addl $256,%eax

movl Yeax,.emax_lmr03_tone_curve /* LMFILL table Inner-Loop */
movl Y%eax,.emax_rgiO3_tone_curve /* RGINIT table Inner-Loop */
movl 12(%ebp),%eax

movl Yeax,.emax_mmwO4_tone_curve /* MDRAIN dst Outer-Loop */
movl Y%eax,.emax_lmwO4_tone_curve /* LDRAIN dst Inner-Loop */
addl  $-4,%eax

movl Yeax,.emax_rgiO4_tone_curve /* RGINIT dst Inner-Loop */
pushl $3

pushl $.emax_wvect_tone_curve

call emax2_start

addl  $8, %esp

pushl $1

pushl $.emax_rvect_tone_curve

call emax2_end

addl $8, Y%esp

popl ebx

popl Yesi

popl Yedi

leave

ret

.data

.p2align 4

.emax_wvect_tone_curve:
.emax_mmf00_tone_curve:
.emax_mmr0O1_tone_curve:
.emax_rvtlb_tone_curve:
.emax_wctrl_tone_curve:
//EMAX2 ©0,0,0 [320]
//EMAX2 ©1,0,0 [320]
//EMAX2 ©01,1,0 [320]
//EMAX2 ©1,2,0 [320]
//EMAX2 @2,0,0

.emax_rvect_tone_curve:
.emax_mmw04_tone_curve:

.

.long .emax_wctrl_tone_curve,
.long 0x00000000, 320%4
.long 0x00000000, 768

.long .emax_rvect_tone_curve,

.emax_wctrl_end_tone_curve-.emax_wctrl_tone_curve

1
& 1d  (ri+=,4),r9  rgil.emax_rgi00_tone_curve:,] 1mf[
& ldub (ri,r9.3),r10 rgil.emax_rgi0Ol_tone_curve:,] Imr[.
& ldub (ri,r9.2),r11 rgil.emax_rgi02_tone_curve:,] lmr[.
& ldub (ri,r9.1),r12 rgil.emax_rgi03_tone_curve:,] Imr[.

-, (ri+=,4) rgil.emax_rgi04_tone_curve:,] Imw[

[320] mmrg3 (r10,r11,r12) rgil,] & st
.emax_wctrl_end_tone_curve:

-long 0x00000000, 320%4

emax_1mf00_tone_curve: ,320,0]
emax_lnr01_tone_curve:, 64,0
emax_lnr02_tone_curve:, 64,0
emax_lnr03_tone_curve:, 64,0
emax_lmw04_tone_curve:,320,0

EMAX2 ARCHITECTURE HANDBOOK
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//'

for (i=4; i<HT-4; i++) { /* scan-lines */
for (k=-4; k<4; k++)

hokan1 (&W[i*WD], &R[(i+k)*WD], SAD1->SAD1[i/4][k+41);

1/
.text
.p2align 2
.globl hokant
.type hokanl,@function

// int j;

// for (j=0; j<WD; j++) {

int j2 = j/4%4;

int k = j%4%2;

daf (c[j2],plj2+k-41) +
= df(c[j2],p[j2+k-3]1) +

pushl
movl

pushl
pushl
pushl

Yebp
Yesp,ebp

%edi  /* reg for amy
%esi  /* reg for amy
%ebx  /* reg for amy

*/

*/

movl
addl
movl
movl
addl
movl
addl
movl

8(%ebp) ,%eax

$16,%eax

%eax, .emax_mmr00_hokanl
%eax, .emax_1mr00_hokanl
$-4,%eax

Y%eax, .emax_rgix0_hokanl
$-12,%eax

‘%eax, .emax_rgi00_hokanl
12 (%ebp) , hieax

$16,%eax

%eax, .emax_mmrO1_hokanl
%eax, .emax_1lmrO1_hokani
$-4,%eax

%eax, .emax_rgix1_hokanl
$-12,%eax

Y%eax, .emax_rgiO1_hokanl
16 (%ebp) , %eax

Y%eax, .emax_mmf02_hokanl
Y%eax, .emax_lmf02_hokanl
Y%eax, .emax_mmwO5_hokanl
%eax, .emax_1lmwO5_hokanl
$-4,%eax

%eax, .emax_rgi02_hokanl
‘heax, .emax_rgi05_hokanl
$-1,%eax

Y%eax, .emax_rgi03_hokanl
Y%eax, .emax_rgiO4_hokanl
$4

$.emax_wvect_hokanl
emax2_start

$8, Yesp

$1

$.emax_rvect_hokanl
emax2_end

$8, %esp

/*
/*

MMFILL
LMFILL

/* LMFILL

/* RGINIT
movl
addl
movl
movl
addl
movl
addl
movl

MMFILL
LMFILL

/*
/*

/% LMFILL

/* RGINIT
movl
movl /*
/*
/*
/*

MMFILL
LMFILL
MDRAIN
LDRAIN

movl
movl
movl
addl
movl
movl
movl
movl

/%
/%

RGINIT
RGINIT

/%
movl /%
pushl
pushl
call
addl
pushl
pushl
call
addl

hebx
hesi
hedi

popl
popl
popl
leave
ret

.data
.p2align 4

.emax_wvect_hokanl: .long .emax_wctrl_hokani,

hokani: // void hokani(c, p, s) unsigned int *c, *p; unsigned short *s;

af (c[j2+1]1,
af (c[j2+1]1,

loop_counter */
loop_counter */

.emax_wctrl_end_hokanl-.emax_wctrl_hokanl

plj2+k-3]1) + df(c[j2+2],p[j2+k-2]) + df(c[j2+3],p[j2+k-11); p[-4]1,p[-3]1,p[-2],p[-1] -> p[-2],p[-1],pl0],p[1]
plj2+k-21) + df(c[j2+2],p[j2+k-11) + df(c[j2+3]1,p[j2+k 1); p[-31,p[-21,p[-11,p[ 01 -> p[-11,p[ 01,p[1],p[2:

*/
*/

srcl
srcl

Outer-Loop
Inner-Loop
*/

src2 Inner-Loop

srci Inner-Loop */

*/
*/

src2
src2

Outer-Loop
Inner-Loop
*/

src2 Inner-Loop

src2 Inner-Loop */

src3 Outer-Loop */
src3 Inner-Loop */
dst Outer-Loop */
dst Inner-Loop */

src3 Inner-Loop */
dst Inner-Loop */

.emax_mmr00_hokan1 :
.emax_mmrO1_hokan1:
. emax_mmf02_hokan1

.emax_rvt1lb_hokanl

.emax_wctrl_hokanl

//EMAX2 @0,0,0 [320]
//EMAX2 @0,1,0 [320]
//EMAX2 @1,0,0 [320]
//EMAX2 @1,1,0 [320]
//EMAX2 @2,0,0 [320]
//EMAX2 @2,1,0 [320]
//EMAX2 @2,2,0 [320]
//EMAX2 @2,3,0 [320]
//EMAX2 @3,0,0 [320]
//EMAX2 @3,1,0 [320]
//EMAX2 @3,2,0 [320]
//EMAX2 @3,3,0 [320]

//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2

@4,0,0
@4,1,0
04,2,0
04,3,0
©5,0,0
©5,1,0
©5,2,0
5,3,0

[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]
[320]

.emax_rvect_hokanl:
.emax_mmw05_hokan1:

.

.long 0x00000000, 320%4
.long 0x00000000, 320%4
.long 0x00000000, 320%4
.long .emax_rvect_hokani, 1
/* +=lF self_loop fH/xx */

add (ri+=,1) | and (-,73)<<2,r12 rgil[.emax_rgi0O3_hokani:,]
add (ri+=,1) | and (-, 3)<<3,r13 rgil[.emax_rgi04_hokani:,]
add (ri,r12),r12 rgil.emax_rgi00_hokani:,]
add3 (ri,r12,r13),r13 rgil.emax_rgi0l_hokani:
1d (r12, 0),r0 & 1d (r12+=,4),r31 rgil.emax_rgix0_hokani:,] lmr[.emax_lmr0OO_hokani:,320,0
& 1d (r12, 4),r1
& 1d (r12, 8),r2
& 1d (r12, 12),r3
1d (r13,-16),r24 & 1d (r13+=,4),r31 rgil[.emax_rgix1_hokani:,] lmr[.emax_lmr0i_hokani:,320,0]
& 1d (r13,-12),r25
& 1d (r13, -8),r26
1d (r13, 0),r28 & 1d (r13, -4),r27
02.3 1d ->r3 ©2.2 1d ->r2 ©2.11d ->ri ©2.0 1d ->r0
©3.3 1d->r28 & 1d ->r27 ©3.2 1d ->r26 @3.11d ->r25 ©3.0 1d ->r24
4.3 sad (r3,r28) 4.2 sad (r2,r27) @4.1 sad (r1,r26) 4.0 sad (r0,r25
05.3 sad (r3,r27) ©5.2 sad (r2,r26) ©5.1 sad (r1,r25) ©5.0 sad (r0,r24
msad (r0,r25),r11
msad (r1,r26),r13 ! swap rl and r26 to avoid collision of pos2
msad (r2,r27),r15
msad (r3,r28),r17
msad (r0,r24),r10
msad (r1,r25),r12
msad (r2,r26),r14
msad (r3,r27),r16
mauh (r10,r12),r10
mauh (r11,r13),r1l
mauh (r14,r16),r1d
mauh (r15,r17),r15
mauh (r10,r14) | suml (-),r10
mauh (r11,r15) | sumh (-),ril
& 1d (ri+=,4),r0 rgil.emax_rgi02_hokani:,] 1mf[.emax_lmf02_hokani:,320,0
mauh3 (r0,r10,r11) ,4) rgil.emax_rgi05_hokani:,] lmw[.emax_lmw05_hokani:,320,0]

.emax_wctrl_end_hokanl:

-long 0x00000000, 320%4
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25 CHAPTER 3. EXAMPLES

3.3 hokan2
4 I

for (i=4; i<HT-4; i+=4) { /* scan-lines */
for (k=-4; k<4; k++)
hokan2(SAD1->SAD1[i/4] [k+4], &W[i*WD], (((k/2)&0xf£)<<16)); /* 8 [ElE# LT SAD fMiiE#z kDD */

1/
.text
.p2align 2
.globl hokan2
.type  hokan2,@function
hokan2: //void hokan2(s, sminxy, k) unsigned short *s; unsigned int *sminxy; int k;
// int j;
// for (j=0; j<WD; j++) { /* j%4==0 DOFFDHA sminxy[j] A, LTI =/

//  if ((sminxy[jl&Oxffff) > *(s )) sminxy[jl = ((-2)<<24) |k|*(s )
//  if ((sminxy[j1&Oxffff) > *(s+1)) sminxy[j] = ((-1)<<24) |k|*(s+1);
//  if ((sminxy[j1&Oxffff) > *(s+2)) sminxy[j] = ((-1)<<24) |k|*(s+2);
//  if ((sminxy[j1&Oxffff) > *(s+3)) sminxy[j] = (( 0)<<24) |k|*(s+3);
//  if ((sminxy[j1&Oxffff) > *(s+4)) sminxy[j] = (( 0)<<24) |k|*(s+4);
//  if ((sminxy[j1&Oxffff) > *(s+5)) sminxy[j] = (( 0)<<24) |k|*(s+5);
//  if ((sminxy[j1&Oxffff) > *(s+6)) sminxy[j] = (( 1)<<24) |k|*(s+6);
//  if ((sminxy[j1&Oxffff) > *(s+7)) sminxy[j] = (( 1)<<24) |k|*(s+7);
/s +=2;

//'}

pushl Y%ebp

movl Yesp,’%ebp

pushl %edi /* reg for any */
pushl %esi /* reg for any */
pushl %ebx /* reg for any */

movl 8 (%ebp) ,%eax
addl  $8,%eax

movl Yeax,.emax_mmrO3_hokan2 /* MMFILL srcl Outer-Loop */
movl Yeax,.emax_lmrO3_hokan2 /* LMFILL srcl Inner-Loop */
addl  $-12,%eax

movl Y%eax,.emax_rgiO0_hokan2 /* RGINIT srcl Inner-Loop */
addl  $4,%eax

movl Yeax,.emax_rgiOi_hokan2 /* RGINIT srcl Inner-Loop */
addl  $4,%eax

movl Yeax,.emax_rgiO2_hokan2 /* RGINIT srcl Inner-Loop */
addl  $4,%eax

movl Yeax,.emax_rgiO3_hokan2 /* RGINIT srci Inner-Loop */
movl 12(%ebp),%eax

movl Yeax,.emax_mmfO4_hokan2 /* MMFILL src2 Outer-Loop */
movl Yeax,.emax_lmfO4_hokan2 /* LMRENEW src2 Innmer-Loop */
movl Yeax,.emax_mmwO8_hokan2 /# MDRAIN dst Outer-Loop */
movl Y%eax,.emax_lmwO8_hokan2 /* LDRAIN dst Inner-Loop */
addl  $-4,%eax

movl Y%eax,.emax_rgiO4_hokan2 /* RGINIT src2 Inner-Loop */
movl Y%eax,.emax_rgiO8_hokan2 /* RGINIT dst Inner-Loop */
movl 16(%ebp) ,%eax

movl Yeax,.emax_rgiO5_hokan2 /* RGINIT src3 Inner-Loop */
movl Yeax,.emax_rgiO6_hokan2 /* RGINIT src3 Inner-Loop */
movl Yeax,.emax_rgiO7_hokan2 /* RGINIT src3 Inner-Loop */
movl Yeax,.emax_rgil0_hokan2 /* RGINIT src3 Inner-Loop */
movl Yeax,.emax_rgill_hokan2 /* RGINIT src3 Inner-Loop */
movl Yeax,.emax_rgil2_hokan2 /* RGINIT src3 Inner-Loop */
pushl $3

pushl $.emax_wvect_hokan2

call emax2_start

addl $8, %esp

pushl $1

pushl $.emax_rvect_hokan2

call emax2_end

addl  $8, %esp

popl  Yebx
popl Yesi
popl Yedi
leave

ret

.data
.p2align 4
.emax_wvect_hokan2: .long .emax_wctrl_hokan2, .emax_wctrl_end_hokan2-.emax_wctrl_hokan2
.emax_mmr03_hokan2: .long 0x00000000, 320%4
.emax_mmf04_hokan2: .long 0x00000000, 320%4
.emax_rvtlb_hokan2: .long .emax_rvect_hokan2, 1
.emax_wctrl_hokan2: /* +=ld self_loop i */
//EMAX2 @0 0,0 [320] lor (ri,(-2<<24)),r28 rgil.emax_rgiO5_hokan2:,] & 1d (r31+=,4),r10 rgil.emax_rgi0O0_hokan2:,]

//EMAX2 @0,1,0 [320] lor (ri,(-1<<24)),r29 rgil.emax_rgiO6_hokan2:,] & 1d (r31+=,4),r12 rgil.emax_rgiO1_hokan2:,]

//EMAX2 @ 0 2,0 [320] lor (ri,( 1<<24)),r31 rgil.emax_rgi07_hokan2:,] & 1d (r31+=,4),r14 rgil.emax_rgi02_hokan2:,]

//EMAX2 @0,3,0 [320] & 1d (r31+=,4),r16 rgil.emax_rgi03_hokan2:,] lmr[.emax_lmr03_hokan2:,320,0]
//EMAX2 ©1,0,0 [320] minl3 (r29,r28,r10),r10

//EMAX2 @1,1,0 [320] minl3 (ri,r29, ri12),r12 rgil.emax_rgi1l0_hokan2:,]

//EMAX2 ©1,2,0 [320] minl3 (ri, ri, r14),r14 rgil.emax_rgi12_hokan2:,.emax_rgill_hokan2:]

//EMAX2 ©@1,3,0 [320] minl3 (r31,r31,r16),r16

//EMAX2 ©2,0,0 [320] minl (r10,r12),r10

//EMAX2 ©2,2,0 [320] minl (r14,r16),ri4

//EMAX2 @3,0,0 [320] minl (r10,r14),r10 & 1d (ri+=,4),r11 rgil.emax_rgiO4_hokan2:,] 1mf[.emax_lmfO4_hokan2:,320,0]
//EMAX2 @4,0,0 [320] minl (r10,r11) & st -,(ri+=,4) rgil.emax_rgi08_hokan2:,] lmw[.emax_lmwO8_hokan2:,320,0]

.emax_wctrl_end_hokan2:
.emax_rvect_hokan2:
.emax_mmw08_hokan2: .long 0x00000000, 320%4

. J
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3.4 hokan3

26

//'

for (i=0; i<HT; i++) { /* scan-lines */
for (k=-2; k<2; k++)
hokan3 (&W[(i/4%4)*WD], &R[(i+k)*WD], &D[i*WD], k)

//

//'}

.text

.p2align 2

.globl
.type

pushl
movl

pushl
pushl
pushl

movl
movl
movl
movl
movl
movl
movl
movl
movl
movl
movl
movl
addl
movl
movl
movl
movl
movl
movl
pushl
pushl
call
addl
pushl
pushl
call
addl

popl
popl
popl
leave
ret

.data
.p2ali,

hokan3
hokan3, @function

k) dljl = rlj+x];

‘%ebp

‘%esp, %ebp

Yhedi /* reg for amny */
%hesi /* reg for amny */
%ebx /* reg for amny */

8(%ebp) , %eax

‘heax, .emax_mmr00_hokan3
‘heax, .emax_1mr00_hokan3
Yeax, .emax_rgi00_hokan3
12(%ebp) ,%eax

‘heax, .emax_mmr01_hokan3
Yeax, .emax_lmr01_hokan3
Y%eax, .emax_rgi0l_hokan3
16 (%ebp) , %eax

Yeax, .emax_mmx02_hokan3
Yeax, .emax_1mx02_hokan3
‘heax, .emax_mmx08_hokan3
$-4,%eax

Yeax, .emax_rgi02_hokan3
20 (%ebp) , %eax

Yeax, .emax_rgi03_hokan3
$-1,%eax

Y%eax, .emax_rgi04_hokani
Y%eax, .emax_rgi05_hokani
$4

$.emax_wvect_hokan3
emax2_start

$8, %esp

$1

$.emax_rvect_hokan3
emax2_end

$8, %esp

hebx

hesi
‘hedi

gn 4

/%
/%
/%

/%
/%
/%
/%
/%
/%
/%
/%

/*
/%

hokan3: //void hokan3(sminxy, r, d, k) unsigned int *sminxy; unsigned int *r, *d; int k;
// int j;
// for (j=0; j<uD; j++) {

// int x = (int) sminxy[j/4*4]1>>24;
// int y = (int) (sminxy[j/4%4]<<8)>>24;
// if (y ==

MMFILL srcl Outer-Loop */
LMFILL srcl Inner-Loop */
RGINIT srcl Inner-Loop */

MMFILL src2 Outer-Loop */
LMFILL src2 Inner-Loop */
RGINIT src2 Inner-Loop */
RGINIT src3 Inner-Loop */
RGINIT src3 Inner-Loop */
MDRAIN dst Outer-Loop */

RGINIT src3 Inner-Loop */

RGINIT src3 Inner-Loop */

loop_counter */
loop_counter */

.emax_wvect_ho;
.emax_mmr00_ho
.emax_mmr01_ho!
. emax_mmx02_ho!
.emax_rvt1b_ho!
.emax_wctrl_ho!
//EMAX2 @0,0,0
//EMAX2 @0,1,0

kan3:
kan3:
kan3:
kan3:
kan3:

.long .emax_wctrl_hokan3,
.long 0x00000000, 320%4
.long 0x00000000, 320%4
.long 0x00000000, 320%4
.long .emax_rvect_hokan3,

.emax_wctrl_end_hokan3-.emax_wctrl_hokan3

1

//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2
//EMAX2

.

@1,0,0
@2,0,0
@2,1,0
@2,2,0
@3,0,0
©4,0,0

kan3: /* +=|% self_loop ffa */
[320] add (ri+=,1) | and (-,73)<<2,r12 rgil.emax_rgi04_hokan3:,]
[320] add (ri+=,1) | or (-, 0)<<2,r14 rgi[.emax_rgi0O5_hokan3:,]
[320] & 1d (ri,r12),r16 rgil.emax_rgi00_hokan3:,] lmr[.emax_lmr00_hokan3:,320,0]
[320] add (ri,r14),r13 rgil.emax_rgi0i_hokan3:,]
[320] land (r16,0xf£000000)>A22,r17 ! >A |* SRA
[320] |and (r16,0x00££0000)>B16,r18 ! >B I¥ bit23 #FFS4LIR >C IF bit15 ZFFSHLIR >D & bit7 ZAFSHLIR

[320] sub (r18,ri),r0
[320]

.emax_wctrl_end_hokan3:
.emax_rvect_hokan3:
.emax_mmx08_hokan3:

c0

rgil, .emax_rgi03_hokan3:] & 1d (r13,r17),r16 rgil,]

.long 0x00000000, 320%4

Imr[.emax_lmr01_hokan3:,320,0]
& cst r16, (ri+=,4) rgil.emax_rgi02_hokan3:,] lmx[.emax_lmx02_hokan3:,320,0]
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Chapter 4

Control

P S AT LB LU ASIC JLEBREDON— R D = VBRI OV TR E 2RO Z L.

4.1 LMM DO{t#k

4.1 &™421Z, LMMO#EES LRSIV IF vy —b2RT.

R\i / I_eaacgsil
EAG

from EX
[ [ Em

a[12:3] di[63:32] di[32: O]=——wide=—wex——en—clk

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

g_'* if (wide=0) select low-word else high-word
if (wide=1|(wide=0 & &g[2]=1)) & wex=0) we=1elsep
if ((wide=1| (wide=0 & &[2]=0)) & wex=0) we=1 else p
by } Loy
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.4.1: Structure of LMM.

clk AN SN AR AR AN RN AR\ AN SN AR AN SR AR AN SR SR S

en

wex | write read

wide

a[12:3] <A X P P X X X X D<A} X XX D——
di[63:0] <P} PP XX XX

do[63:0] < DI} PP X X X X X <X X XX P—

Figure.4.2: Timing chart of LMM.
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FERTZXEYEME

Ak U 72 ISR (cont])[], regv[][], H& T, Immi[][]) &

, HEEN R T —4 (wdataBf) &£ & ¥1Z, HOST

75 DDR3 Nigik X

Nd. AERVIY 2K A1ITRT. BE, EMAX2 DHHE T IV T, PEOIZHE

THREROANEHAIND.
~USB0
ZH# TLBE R4
usb _space_nemw i tev(usb, iov, iovent, ddr3_at op=10000100);
iov[0].iov_base = ddr3 wist[] -{10002000 10004000, 10006000, 10100000, . . .}
iov[0].iov_len = (iovent-1+readiov)*4
iov[1].iov_base = conf[][] ->10002000
iov[1].iov_len = sizeof(conf)
iov[2].iov_base =regv[][] ->10004000
iov[2].iov_len = sizeof(regv)
iov[3].iov_base = Imm[][] - >10006000
iov[3].iov_len = sizeof (| nmi)
iov[4].iov_base = wdatal[] ->10100000
iov[4].iov_|en = bytesl
iov[5].iov_base = wdat a2[] ->10200000
iov[5].iov_len = bytes2
usb_space_nem pe0_| 2ct 0000. | 2ct 0000. mstat = 3;
usb_space nemwrite(ush, &usb _space_nem peO | | 2ct 0000, 4, WSB SPACE MEM PED_L2CT0000) ;
0x10000078
do {
usb_space_nem read(usb, &usbh_space _nem pe0 | 2ct 0000, 4, USB SPACE MEM PED_L2CT0000) ;
} while (usb_space nmempeO_| 2ct 0000. | 2ct 0000. mstat != 1); 0x10000078
usb_space _nemreadv(usb, iov, iovcnt, ddr3_at op=10000100+r eadi ovof fset);
iov[0].iov_base = ddr3 rlist[]={10300000, ...} iovent-1
iov[O].iov_len = (iovcnt-1)*4
iov[1].iov_base = rdatal[] <- 10300000
iov[1].iov_len = bytesl
iov[2].iov_base = rdata[] <- 10400000
iov[2].iov_len = bytes2
0x0000003f - 0x00000000: DIVAGEl
0x0000017f - 0x00000100: PED. REG
[ 0x000001f f - 0x00000180: PEL. REG ] reserved
0x1000007f - 0x10000000: PED. L2CT
[ 0x100000f f - 0x10000080: PEL. L2CT ] reserved
== OXAf FFFFff-0x10000100: USER - - === - - - - === oo m o e e
0x10003f f f - 0x10002000: PED. emax_wctrl (8KB)  for conf
0x10005f f f - 0x10004000: PEO. enax_wregv(8KB)  for regv
0x10007f f f - 0x10006000: PED. enax_w nmi (8KB)  for | nm
Ox17f - 0x10100000: PED. dat a( 1MB* 127) for data
0x18003f f f - 0x18002000: PEL. enax_wctrl (8KB) ] reserved
0x18005f f f - 0x18004000: PEL. enax_w egv(8KB) ] reserved
0x18007f f f - 0x18006000: PEL. ermax_w mrmi (8KB) | reserved
Ox1f ffffff-0x18100000: PEL. dat a( 1IMB127) reser ved
Ox2f f f f f f f - 0x20000000: ot her - si de- DOR3 (unused)
~USBL
0x0000003f - 0x00000000: DAl
0x0000017f - 0x00000100: PE2. REG reserved
0x000001f f - 0x00000180: PE3. REG reser ved
0x1000007f - 0x10000000: PE2. L2CT reser ved
0x100000f f - 0x10000080: PE3. L2CT reserved
== OXAf FFFFff-0x10000100: USER - - === - - == === oo o s oo e e
0x10003f f f - 0x10002000: PE2. emax_wctrl (8KB) ] reserved
0x10005f f f - 0x10004000: PE2. enax_wr egv(8KB) ]| reserved
0x10007f f f - 0x10006000: PE2. emax_w mm (8KB) | reserved
Ox17f £ ff-0x10100000: PE2. dat a( 1MB* 127) reser ved
0x18003f f f - 0x18002000: PE3. enax_wctrl (8KB) | reserved
0x18005f f f - 0x18004000: PE3. emax_w egv(8KB) | reserved
0x18007f f f - 0x18006000: PE3. enax_w nmi (8KB) ]| reserved
Ox1fffffff-0x18100000: PE3. dat a( 1MB* 127) reser ved
Ox2f £ f  f f - 0x20000000: ot her - si de- DOR3 PEDZ2 ] % S ER AT &
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4.3 B UNITICHT 2 HIEIBTHROIEE

4 N

struct emax2 {
Uint peO_status
Uint unit_offset

NI
~
*

current mapped insn_row[0] */

Uint unit_edb_cmd ; /* O:idle, 1:conf, 2:regv, 3:lmmi, 4:1mm_load, 5:exec, 6:lmm_drain */
Uint unit_edb_cmd_d1 ; /% delayl x/
Uint unit_edb_cmd_d2 ; /* delay2 */

unit counter */
bitmap O:off 1:selected */

Uint unit_ctl_count
Uint unit_select_row

~
*

Uint unit_select_col ; /* bitmap O:off 1:selected */
Uint unit_select_row_dl: 16; /* delayl */
Uint unit_select_col_d1l: ; /* delayl */

e
DO NWwWww
~
*

Uint unit_edb_valid
Uint unit_edb0
Ull wunit_edbl
Uint unit_emb_valid

~
*

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

D W
=N
* ¥ *

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.4.3: General control information of EMAX2.

HOST (2 & V) DDR3 (ZA&HH X 7= G % 25 unit (ZAZET 2 72O T 2 Hl#EE 5 % X 4.3 1R
9. KHEEES1E, peOstatus DAEIZIN U TULRD K S IZEIET 5.

4.3.1 Idle (pe0O_status=STATUS_IDLE)

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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4.3. % UNIT 259 % Hl ISR O 30

4.3.2 Unit configuration in progress (pe0_status=STATUS_CONF)

conf[][] % JCIZ4 unit O % ZH 4 2. confl][] HH AN ERTH 254, DDR3 IFSRET,
EMAX2 WD Y 7 MEMEIZ & D conf]]]] Z BFIHT S (FIHHET NV CTIIAKMIIESTHS) . DDR3
* 285854, MWEX=1, M.BSTMX=0 (N\—Z KU —1F) ZfHL T DDR3 75 conf]]]] % #iH
H97. & unit 1¥, unit_edb_cmd, unit_edb_valid, {7f&E¥Y Y b~ > 7 (unit_select_row) DFELBITE W K,
BXU, FlfEEEY h¥ v 7 (unitselect_col) DMy MEEH L TEHY, unit_edb_emd=1, »D,
unit_edb_valid=1, 73D, &4y 21 DHAIZ, EDBO[1:0] DNE % FH X AALHEEIERL ¥ A% 7))L —
T#HF (0-3), EDB1[63:0] DINA % RERIERL Y A XL UTEEIAAZITD. £TO unit 12K L TE
FIAANTET T2 &, pel_status=STATUS_REGV IZBEBTD. ¥4I VI Fvy—b2M441TRT.

CK TN N N N
Mx_ADSX [\_|

Mx AD <A DX XXX o— oo o—1+—
Mx_WEX Reed

Mx_BSTMX] Burst (’\

Mx_XREQ | 4 4 4 4 4 4

Mx_XGNT ( \_+0/ +1y 42 +3 +4/¢;Tt'\ +8) +6) +7T ~Axralcgrts 3

Mx_RRDY - t\ L/ —
Mx_BSYX

widye g N 3 Yty e e

unit_edb0 EXZXZXE 1 X 2P} 3]
unit_edbl READ_DATAIS v F @ X oXoX % —C oX X o
unit_edb valid L/

unit_cmd 1 I I @
unit_select_row (0 0000P000 Q 00000001 10000D0000NA0NN!

unit_select_col 1)000 \ \Ql \\ 1004

conf_registers I XXX — XX

Figure.4.4: conf[][] = wnit[][] DX A I V7' F ¥ — b
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4.3.3 Register initialization in progress (pe0_status=STATUS_REGYV)

regv[][] ZJCIZ#& unit O LY AKX EE YL T H. M.WEX=1, M.BSTMX=0 (/N\—Z KU —K) %
£ L C DDR3 25 regv(][] Z#eAH 3. % unit 1, unit_edb_cmd, unit_edb_valid, fTEEE Y kv v 7
(unit_select_row) DFELITEY b, BX, FlfFEL Y b~¥w 7 (unit_select_col) DF%4FIE Y % Bl
L T&Y, unit_edb_emd=2, 2D, unit_edb_valid=1, D, &4 Y h¥1 DH AT, EDBO[0] DA
HEZRAARL VI AR TN —T#HHIT (0-1), EDB1[63:0] DNER LY AZfEL UTEZRAAZITY. &
TO unit IZH U TEHIAANE T TS L, pedstatus=STATUS.LMMI IZBB$5. 21 IV I Fv¥—1h
2 4.5 12T

CK TN N
Mx_ADSX [\__|

Mx_AD  1<A] <DPX XXX oo oo
Mx_WEX | Repd (’\

Mx_BSTMX Burst

Mx_XREQ | 4 4 |4 4 |4 4

Mx_XGNT ( O N +2f +3 +4/ﬁ—g\ +of +6f +7 Az hmlcrtdas—{z

Mx_RRDY < t\ t\ —
Mx_BSY X

wrdyc Q '\ ibﬁh ¢ 5 ht

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

unit_cmd 2 @
| |
unit_select_row g 00000000 Q 00000001 10000D000000000K
S | QQQOQ(F’ m“ |
unit_select_col 11000 0001 { 0010 01001 1000
target_registers I DI} XXX XX

Figure.4.5: regv[][] = mit[][] DX+ I ¥ 7 F ¥ — |
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4.3.4 LMDM tag initialization in progress (peO_status=STATUS_LMMI)

conf[][] % 7CIZ LMM & 7158 (unit 45 CldZ < &KI12 1 Df#E) 240k d 5. M_WEX=1, M_BSTMX=0
(N=AKV—R) 2{fifL T DDR3 5 Immi[][] Z#iA 9. EDBO[0] DNE % & ZiAALHA 1 (0 D
56 ctlnew, 1 D54 ddr3_tlb) , EDB1[63:0] DNEZBEME UTE IIAAZITD. £2TO Immil][] D
EBIIAANETTD Y, peldstatus=STATUS_.LMM_LOAD 1235, X1 IVIF¥y—b%2X 4612
R

cK AR AN AN AN AN SAND AR AN SN SAND SN SN SN AAND AN AN SN
Mx_ADSX |\
Mx AD <A <D XY X D— XY D>——
Mx_WEX Repd
] ™

Mx_BSTMX Burst
Mx_XREQ | 4 4 4 4 4 4
Mx_XGNT ( O N +of +3 A +of 6 I ~Hzkwfosrz sz
Mx_RRDY - \ \ )/ \ I
Mx_BSYX -
wrdyc 0 5

\ stop
ctl_new[row][col] \

Y & A A

ddr3_tIb[row][col] I ’_{ I ‘ I F

Figure.4.6: Immi[][] = ctl.new([][]/ddr3_tIb[][] DX 1 I > 7' F ¥ — b
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4.3.5 LMDM loading in progress (pe0_status=STATUS_LMM_LOAD)

B D ctlnew [HEHIZED E, 1 20 LMM #1Z, M.WEX=1, M_.BSTMX=0 (/A=A hV—R) %
ffifl L C DDR3 54 unit O LMM (Z#J#fEZ2 0— R$ 5. AP, FiEIFETRICHEALZ ctlnew]][] 3
ctlold[][] ICEREINTH Y, %Y unit (ISR S, ctlold[i][j].top = ctlnewli][j].top, ctl_old]i][j].len >
ctlnewli][j].len, 2D, ctlold[i][j].dist = ctl newl[i][j].dist DEHHFIE LMM ONEZFHHTE SO0 —R
MEMI NS, % unit 1, unit_edb_cmd, unit_edb_valid, f7HEY Y b~ v 7 (unit_select_row) Di%447
Ewh, B&LY, FlEEEY b~ 7 (unitselect_col) Di%45IEy M2 B L THY, unit_edb_cmd=4,
2D, unit_edb_valid=1, 22D, FEUEY M1 DHEIZ, EDBO[12:3) DAL HIAALT RV A (I
K1K 7N 7—K), EDB1[63:0] DA% % LMM ¥ LTHEIAAEFS. 150 LMM OEHASE T
TBHEIT, FHT D ctlnew[][]] DA ctlold]][] ILRFINDG. BELLMM OFZRAANTT T L,
pe0_status=STATUS_START (Z#EFE$ 5. 41 IV I/F v —N&M47ITRT.

CK T\ N\
MX—ADSX “\_\/ ddrIS_th[i][I].b&*SDRS_Mll NALIG!N) | ((ctll_ne/v[i] I'].top+erdyc*8)<|§(DDR3!_MlNALIGN-l)
Mx AD T<A] <DPX XXX o—1< XX o—1——
Mx_WEX Rebd
] ~
Mx_BSTMX Burst (
Mx_XREQ | 4 |4 |4 |4 |4 4
MX_XGNT ( +Qf +1f 2 +3 +44/ﬁ+j'\ 5 +6) Y S Axrmfcmrt s IR
Mx_RRDY / I
< —
Mx_BSYX b .
e 5 3 e | N
it sdbo O {IE N N N S B N N
unit_edbl READ DATAS » *:@%GDGDGDC XX D
unit_edb_valid /
unit_cmd 4
unit_ctl_count Q l l l l l l
unit_select row 1 mnnnmixwmmnm | | | | | | | [ ——10>
| | | | | | | | |
unit_select col - fo00 i <30
clk %%%%%%%*\#WWWW"LW’\_\J’\_\JN
. UL el LN b |
wex write rite|
. | | | | | | | |
wide \
o JEVH -
Y A\ A\
dif63:0] FB XX p— XX D—
do[63:0] <DIPX T X X X D—<C X XD

Figure.4.7: source DDR3 = lmm[|[] D& 1 I V7 F ¥ — b

4.3.6 Start execution (pe0_status=STATUS_START)

EMAX2 D& % F4Ad 5. & unit &, unit_edb_cmd, unit_edb_valid, FHgE LY k¥ 7 (unit_select_row)
DELITEY N, BLU, W?Elﬁlﬁ w s w7 (unit_select_col) MFZLFEY M ZEH L TH Y, unit_edb_cmd=5,
MO, FHEEY "1 DY HFEAEOE AL UT, L% unit DEENT D, BB, NIREBIZER L~
ROV A 7 IIZENT, peO status=STATUS_EXEC 2B T 5.

4.3.7 Execution in progress (pe0_status=STATUS_EXECQC)

unit_edb_cmd=5 % #EFF U 72 £ £, EMAX2 OB 2 kG35, £ unit DFEENE T U AEE,
pel_status=STATUS_LMM_DRAIN (ZEK T 5.
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4.3.8 LMM drainage in progress (peO_status=STATUS_LMM_DRAIN)

RO ctlnew [EHMIZHE D E, 1 5D LMM Hi1Z, M_.WEX=0, M.BSTMX=0 (/N\—Z hF 41 k) %/l
AL T# unit @ LMM 55 DDR3 IZHEEFER %2 A D795, £ unit 1%, unit_edb_cmd, unit_edb_valid,
FHEEY Y v 7 (unit_select_row) DFLUFTE Y N, &, JFEEEY Y < v 7 (unit_select_col) D
FWHIYy NEEMHLTHY, unit_edb_cmd=6, »D, unit_edb_valid=1, 7D, 4w "1 D5EES
2, EDBO[12:3) DNEZEGiAHULLT RV A (K 1K &4 77— 1K), EMB0[63:0] # LMM f#i& U T
AHUEITD. BELLMM OHAHUDET T2, pelstatus=STATUS_.TERM (BB T 5. X1 3
VIF v — MNEX481TRT.

wrdyc RETEO e e e —r T

unit_edb0 <A1 80X 480X +80X 480X 480X +80 K +8 X 380X 48—
ctl_new[i][j].tpp+wrdyc* 8

unit_edb_valid v |

unit_cmd 6 Xa >

unit_ctl_count g @

unit_select_row 1 000000000 <10.>

unit_select col 1 00001 <1000

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

- |

wex \

wide \‘

a12:3] AR a8 g a8 0K +80<+8 D8P+

do[63:0] <D1XD2PXD3PXDaPX D5 De< D7) X Da XD

4
unit_emb0 READ_DATAS » ¥ < D1¥XD2}< D3l W D8

unit_emb_valid

drain_bufO

drain_bufl ;
drain_buf2 »
drain_buf3
CK A AN (| NN

D

SN U 4D Sy 7 5 TIRIRT & %

LRy 77 ) v
Mx B BRI (2 LG

Mxf!

(\_/ N\ A N
Mx_ADSX N %ddrsjb[i][ 1 base* DER3_! IN%LICN) | ((ct]_new[i][j].top+r dy&*s)& (DDR3|MINALJIGN-1))
Mx_AD < aoXD1pXn2PXD3 X DX DEPXD7PXDaPXpaXpif———
Mx_WEX ] Write fosfes

| (’\
Mx_BSTMX Burst
Mx_XREQ 1 4 4 4 4 4 4 4 4
MX_XGNT N=Z hRICHEE DT —2 < e L e e e e O

HIIAATT

Mx_WRDY - < D1| D2 D3| D4| Ds| De| D7| D8| D9| D10
Mx_BSYX

Figure.4.8: Imm[][] = result_DDR3 D& A I > 7' F ¥ — K

4.3.9 Terminate execution (pe0_status=STATUS_TERM)

M_STAT (2 1 2 3& ¥iAA, unitoffset ZHH U, peld_status=STATUSIDLE (ZEK 4 5.
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Chapter 5

How to use EMAX2 simulator

5.1 Compiling application programs

See “all:” tag in proj-emax/sample/filter /Makefile-emax2.

5.2 Executing application programs

”

See "run:” tag in proj-emax/sample/filter/Makefile-emax2. For monitoring the internal status of

EMAX2, insert following code in the application program. These functions are defined in emax2.c.

emax2_show_status_start(); /* detailed information */

emax2_show_demo_start(); /* full-screen summary of execution */
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Appendix A
AP R T L

A.1 GP6XT7T60MP < AT LDIERK

GP6XT760MP ¥ A7 Ak, XC6V760 X 1, ASIC V7w hiR— R X 4, 256MB-DDR3 X 2, XU,
USB3.0 1 Y& 7z —AX 2 %z, 2 KD USB 7r—7)LZ &) PC/AT BE#% (HOST) kI .
Tty yiEse (LR PE) % FPGA £7/21X ASIC V7Y hAR— R EIZ, AEVK¥REZ DDR3 LIZ, F77,
FRUREMEEES K OAIHEEE HOST RIZ&4xaftiFd 2ok, 2R LTEAT ) r—vay
ZETTEIDHETHD. MALIZEEHER, £ A1IZ, USBEIZHOST IZEHINDT R A%z
N

% USB 1 V& 7 = —AIZi&, 256MB @ DDR3 & & U 2 #ld PE 256 fti) 515 . [PE0/1 6D %
IR %%, PEIZHING T 72 A/, THOST 6 D&M] ¥k, HOST IZFFn X hd T 7 & Afdj]
/R, 8, HOST »¥pereset (ZFEX DD 16 € M% EHZAALZSE, PEICES PEORESET {55
MHIGH &7 %. pereset WEY A 7N T2V AV NXNTOIZELZZIZ PEOLRESET /554 LOW (2
Hid 5.

HOST 2 hp (26 LTI ODHIH I~y R2FEZIAALESG, fstat (21 (STATUS.BUSY) »itw
NXh, TO%, {EEEICHEINE Y hXNd, hsIZHUTHELYODfa~ry R2EIRAA
254, sstat 121 (STATUS_BUSY) »3twy h¥i, ZT0O#, SEEEEEICHEIN/ErY hXhd.
PE %, HOST 25®M hp 721& hos ADEZAAMEST LOW IZ4 % CXINTE5I2&Y, hp F/420&
hs DEFHEZMRAL, CxFZ2HANTHIEIL Y A2 %2 EHESRT S Z 212k, hp, hs, hparam, h_control
%% \JE%. PE 7' Cx XINT % #iH U Cx XACK % LOW (Z U7z T, Cx XINT (& HIGH 1272 5 22 1
NFEBZ 5730, Cx XREQ IZ PE MR L ¥V ALK U CTHSIAAE ZIEGiAH U 2T BRIZ LOW 2T 5
FERTHD. 72720, EMAX2 OHHIE T I TIE, KAHOST 1 V& 7 = — A I 0.
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e address for 64bit data bus of CDR3).
) CEX i s connected to C VEEX

TV

[enyuspyuoy) 29 Arejoridor ] RUUISRYRN" X

MOOHIANVH HYNLOALIHOYY ¢XVINH

WY F TV omIL]

X MAO27:3] is valid when MADSX=0 (MAD hol ds t
¥ MAD (EX is connected to (MADBX & MVEEY). % C

266M 50/ 40M
l l

HosT — 266M | 50/ 40M® OPEO FMC 2 are used(72*2pi n) .PEl FMC 2 are used(72*2pi n)
T |4 AK(50/40M) —in FPGA- >M CTCR =14 J AK(50/40y) —in FPGA- >M CTCR =14
32bit | @— RST -in AS G Pl N[42+82+5) =129 RST -in AS G Pl N[42+82+5) =129
@ X Nr —in sub boar d CL_ X NT —in sub boar d
32bit Q)_XAK <out *QLK *MXREQ CL_XAK <out *QLK *MOREQ
1 Q_XREQ <out *RST *M XGNT CL XREQ <out *RST *M XGNT
c_reg(] @ _A3:0] <out *C X NI *M VEEX ClL_A3:0] <out *C X NI *M VEEX
PO s reg[] QWX —out *C XAK * M BSTMK CL WX —out *C XAK * M BSTMK
USBO | DA | LBBO | ——— @_D X 31:0] <out *COREQ MBEX 7: 0] CL_ D GEq{31:0] <out *COREQ MBEX 7: 0]
nmap( ) aE Q) D QU 31:0] <out *CA 30 *MAXX CL D QUI[31:0] <out *CA 30 *MASX
512MB @ DIN[31:0] —in *C VX M AL 63: 0] CLDIN[31:0] —in *C VX M AL 63: 0]
L 266M | 50/ 40M® CO31:0 *MVRY [ ) CO3L0 *MVRY
B M_XREQ <out * M RRDY J M, XREQ <out * M RRDY
MSTAT | @— M_XG\T —in *M BSYX M_XGNT —in * M BSYX
1 M_VEEX <out *M STAT[ 1: Q] M._VEEX <out *M STAT] 1: Q]
64bi t MD_BSTMNK <out M_BSTMNK <out
M_BEX 7: 0] <out TO above*20- >M CTCR M._BEX 7: 0] <out TO above*20- >M CTCR
MD)_ADEX <out TDO M CTR ALKO<- AK M._ADEX <out TDO M CTR ALKO<- AK
M)_AD (EX 63: 0] <—out ™G M CTQR OK1<- RST M._AD CEX 63: 0] <out ™G M CTQR OK1<- RST
32bi t M)_AD QJT] 63: 0] <out TXK rest * 14pi n<- FPGA M._AD QJI] 63: 0] <-out TXK rest * 14pi n<- FPGA
1 M_AD IN[63:0] =in TRST  total *34->M CTCR M_AD IN[63:0] —in TRST  total *34->M CTCR
400M MND_VFRDY —in M_ VWY —in
COR3H0 256MB M_RRDY —in M._RRDY —in
M)_BSYX —in QH[0-13] | a® M_BSYX —in T | a[0-13]
M_STAT[1:0] —in sane pin# are connected M_STAT[1:0] —in sane pi n# are connect ed
a2[0-13] | CH [ ‘ a2 | GH[0-13]
[
266M | 50/ 40M® @PE2 A2 are used(72*2pi n) OPEB FVC:2 are used(72*2pi n)
3 FPGA->M CTCR =14 J FPGA->M CTCR =14
c reg] (] AS G PI N[ 42+82+45) =129 AS G PI N[ 42+82+45) =129
PO s_reg[] Q. * a3 *
UsBL | DVA | LBUBL T ‘ sub board sub board
nmap() e
512MB L
266M 50/ 40MD ) J  J
1
M STAT | @
MR_* NMB_*
400M
COR3#1 256MB

WO 7 L2 dIN09LXITD

8
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Table.A.1: HlfflL ¥ 2 & 22 & DDR3 Z2[#]
HOBT addr ess Not es fromPE) 1 f rom HCBT- PC
0x0000003f - 000 | DVA control registers -- out of space RW
0x00000043 - 040 | reset & status register -- out of space RW
QST bit0 W1 start reset
R 1 reset in progress
0x0000013f - 100 | HCBT->PED control registers R CA30=07 RW
0x00000107 - 100 | h_p bit15- 4 R RWnon-0 wite ->f_stat=1
hs bi t 31- 16 R RWnon-0 wite ->s_stat=1
0x0000010f - 108 | h_param | oner 4bytes R RW
0x00000117 - 110 | h_control | over 4byt es R RW
0x0000012f - 118 - - -NA - RW -NA-
0x00000127 - 120 | pe_reset bit15- 0 -- RWnon-0 wite -> PEx-reset
0x0000013f - 128 -NA - -NA - -NA -
0x0000017f - 140 | PEO->HOST status registers RNV CA3:0]=8-15 R
0x00000147 - 140 | f_stat bi t 15- 10 RW Rhp non-0 wite ->1
s_stat bi t 23- 16 RW Rh_s non-0 wite -> 1
0x0000014f - 148 | p_param | over 4byt es RW R
0x0000017f - 150 - - -NA - -NA -
0x000001bf - 180 | HOST->PEL control registers R CA30]=0-7 RW
0x00000187 - 180 | h p bitl5- 4 R RWnon-0 wite ->f_stat=1
hs bi t 31- 16 R RWnon-0 wite ->s_stat=1
0x0000018f - 188 | h_param | ower 4byt es R RW
0x00000197 - 190 | h_control | ower 4byt es R RW
0x0000019f - 198 -NA - -NA - RW -NA-
0x000001a7 - 1a0 | pe_reset bitl5- 0 -- RA/non-0 wite -> PBEx-reset
0x000001bf - 1a8 - - -NA - -NA-
0x000001ff - 1cO | PEL->HCBT status registers RW C A 3:0]=8-15 R
0x000001c7 - 1cO| f_stat bi t 15- 10 RW Rhp non-0 wite ->1
s_stat bi t 23- 16 RW Rh s non-0 wite -> 1
0x000001cf - 1c8 | p_param | oner 4bytes RW R
0x000001ff - 1dO - - -NA - -NA-
OxAfffffff - | ocal CCR3 space(256MB) RNV MA RW
0x10000000 burst node P O DWW
0x10000077 - 000 | BET—% PEOFHR\N RW
0x1000007f - 078 | PED.L2CT_0000 bit5-4 WO X 3A #BFM STAT=0 WOZ A A BFM STAT=0
Wl%i? AJ}H?IM STAT=1 W2&E XA 7+ BfM STAT=2
i i W3E XA HBEM STAT=3
N—2 MEFD EERHEERIEAW DV & L EE BRI B2
0x100000f 7 - 080 Br—4 PElFﬁRW RW
0x100000ff - 0Of 8 PEL L2CT_0000 bit5-4 WO%E‘_? A 2 BFM STAT=0 wo%iE A 7+ BFM STAT=0
W12 X 3A HB5M STAT=1 W2 % 3A H B M STAT=2
i ) W3E X 3A 7 BFM STAT=3
N—2 NS LEEHEER AW DVABF © _ESERRAE IR B3
Ox2fffffff - ot her CDR3 space(256MB) RNV MA RW
0x20000000 burst node ft R USBAN 5 D AP O DVRA]
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A2, TovwIHRELY HOSTHEBRED T VA 7 — A 40

A2 TOtwvik

# A2 2 PE & HOST #%

ge & HOST#BED A 9 71 —2R

BEDA VR Tz —A, MA2IZRAIVTFv¥—M&2RY. /272U, EMAX2

DOHMHIETINTIE, AHOST 1 V& 7 = —AIMEH I A,

Table.A.2: 710t wH-HOST BEED 1 VX 72— AfEE (ASIC A VX 7z — AL LTIT40 AK)

554

| B

Cx_XINT (in)

HOST 60D 1) 7 T A MEF, Active-LOW

Cx_XACK(out)

Tt ns50 INT ZMHHES, Active-LOW

Cx_XREQ(out)

Tat v hosDL Y AZBIES, Active-LOW

Cx_A[3:0](out)

7 RLVA, A3-0

Cx-WEX(out)

EXIAARAL 2 —T), Active-LOW

Cx_D_OEX][31:0](out

Cx.D_.OUT D% bit (g D H I 32—, Active-LOW. 4
bit IZ Cx - WEX % 2 91 Z VBRI E - EE0NHERIN5.

Cx_D_OUT[31:0](out

W7 —4, D31-0

Cx_D_IN([31:0]in)

ANT—4%, D31-0

CLK A SN SN SN AR SN SN SR S

Cx_A —a[X h[X ¢] e DX DX f

cx XREQ |\ t/ N\ t/

Cx_WEX M \ ‘\\_Q \ Cx WEXE2H A )L
Cx_D_OEX \\NA / N \_j BESHES

Cx D Waﬁﬁ%%&ﬁ D—

write write read read write read
WIDEHIRIICETEAHIND

Figure.A.2: 70 v HHlfHlf V47 2—AD KA IV 7F ¥ — ~ (WRITE/READ)
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APPENDIX A.

A3 Oty HiegEE DDR3IDA VY T —2R

KA3IZPELDDR3IDA VAT —A, MA3ZWOKAGIZRAIVIFv¥—NeRT.

Table.A.3: 7Ot v H - DDR3DA VA7t —AES (ASIC A VR 7 —AL UTIE82A)

FE4 e
Mx_XREQ out | DDR3 2REREH, Active-LOW
Mx_XGNT in | ERZMETIES, ActiveeLOW. N—Z N, RO T — 4 % 3%(3
TXDILERT
Mx_WEX out | EIAAAL 32—, Active-LOW
Mx_BSTMX out | N—A ME—R, Active-LOW. HIGH & D&MD CLK T H
IN— A N EEIE D B[]
Mx_BEX]7:0] out | Mx_AD_OUT MF—& TH ZIHED byte BofiiF XA A A F— T,
Active-LOW
Mx_ADSX out | 0 DA Mx AD_OUT X7 RV A, 1 DEHET—X
Mx_AD_OEX[63:0] | out | Mx_AD_OUT D% bit (Zx)td % HiJ11 % — 7, Active-LOW. 4
bit (2 (Mx_ADSX & Mx_WEX) 23 X 115
Mx_AD_OUT[63:0] | out | Mx_ADSX 230 D& 7 R L A (bit27-3 DAARN), 1 DHET—X
Mx_AD_IN[63:0] in | AhWT—4
Mx_-WRDY in | FEEIAAETIES, Active-HIGH. MEED ATV M kY Toty
PFIEESAAL T 2 H D
Mx_RRDY in | #AHUSETIES, ActiveeHIGH., AE5 12X ) T ovwHik
Mx_AD_IN OF &)l % EL Y JAL
Mx_BSYX in | BfEhERTEY—1E5, ActiveeLOW. HIGH FiE R DS M TR
ERITTEDHILERT
Mx_STAT1:0] in | JREEXRIEF, STATI-0 (0:empty 2:0P-ok 3:IF-ok) &, &7 K
LV AANDEZIAAMEE KT 5
cK AN AN AN AN SN AN SR AR SN SR SR SR SR SN SR SR S
Mx_ADSX |
Mx AD  1<A¢X DY
Mx_WEX N wiike /xsr\lTM!ﬁf—?ﬂ'Mx_D% 2l XL e NS Z ) (T v )
Mx_BSTMX / ~ | 7 sixenic s S i
Mx_XREQ | (
Mx_XGNT (& +0,
M WRDY L] WD e
Mx_BSYX ¢
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\—xfx/ [0)
ROXREQFEAT A ]

Figure.A.3: DDR3 f Y4 7 =—AD X A1 I V7 F ¥ —  (WRITE)

A > 2T 2
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A3, 7oty HiaEL DDR3 DA VX7 = — A 42

CK SRR SN AN SN SN S D S N SN S U SN SRNED S U SN AN (N S N
Mx_ADSX [\__|
Mx_AD — A X DX ] X PP PP ]
XBNTZ 7= 4 IqMx DA ZALI LD & \pD 2 & (7‘u4z/‘2t1§1#;)
Mx_WEX / Write
|/ (@
Mx_BSTMX Burst = 71t v Y hiX NI 25 ¥ il
Mx_XREQ / 4 4 4 4 4 4 i‘j
MX_XGNT (( tf iy vof Y A o Y Y~ srgursTd L cafuamifReQ
Mx_WRDY - L& [ ‘Mﬁﬂi 1
Mx_BSYX § AN R DOXREQFGS T A N VAN
CK SRR SN AN SN SN S D S N SN S U SN SRNED S U SN AN (N S N
Mx_ADSX [\__|
Mx_AD —~<CAS D¢ \>C:>C:X::K:}C:y::
Mx WEX P lwrite| | T /
l N
Mx_BSTMX |\ Burst (/
Mx_XREQ |\ / 4 |4 4 |4 |4 4 Y/
Mx_XGNT ( b +0 + + +3 +4 +5 +6) +7)
Mx_WRDY : / EREIARGE T
Mx_BSYX
FRERICHLER T —2
CK SRR SN AN SN SN S D S N SN S U SN SRNED S U SN AN (N S N
Mx ADSX |\
Mx_AD <A PX D X X XX i X
Mx WEX |\ Write o /
l (\
Mx_BSTMX Burst ‘_f}
Mx_XREQ |\ 4 4 4 4 4 4 /
Mx_XGNT ( \ +0( +]/ +2/ +3/ +¢%‘ +5/ +6f +7
Mx_WRDY . / HROAAGE 7
Mx_BSYX
N—Z MNRIIFLERT—R
CK AN AN SN SN AN AN AR SR AR G SN SN AN AN AR SR SN
Mx_ADSX [\__|
Mx_AD —CA XD X X X X XX
Mx_WEX N\ Write f I%?+
l ~
Mx_BSTMX |\ Burst (
Mx XREQ |\ 4 4 4 4 4 4 /
Mx_XGNT ( \_+0y ”/ +2/ +3/ +4/ +5/ +61/ e A/
Mx_WRDY - / HREGAATE T / A\
Mx_BSYX

N=—ZA MEIEERICHFLEET—2R

Figure.A.4: DDR3 A Y # 7 = —ZADX A I V7 F ¥ —  (WRITE N\—Z FE— k)
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cK SN AR SR\ AR\ RN RN SR SR SN RN SAN S N AR SN RN SN
Mx_ADSX [\_1/ ¢ READ DA[TA S ¥ F
mMx AD  T<A¢ \_D71
Mx_WEX Réad /
Mx_BST 'V'X_ ~ |+ e ~yh‘fﬁX43N TS X
Mx_XREQ ( \
Mx_XGNT ( +0
Mx_RRDY . Vo N7 XTI 0t
‘
Mx_BSYX & ¥
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sk *——x% sk
RDXREQFEAT A I

Figure.A.5: DDR3 1 & 7 = —AD XA IV 7 F ¥ —h (READ)
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A3, 7oty HiaEL DDR3 DA VX7 = — A 44

CK T\
Mx_ADSX N\___ I/
—CA S

Mx_AD
Mx_WEX Read
Mx_BSTMX|\ Burst (
Mx_XREQ | 4 |4 |4 14 (414
Mx_XGNT
Mx_RRDY
Mx_BSYX {

= 7'y YXENTEUT YD & il

(31}
w

ul

~~ JEBURST ¥|L THAZ 2 i¥EREQ
/ l %imb? D
\H X*: X*: /ge X*: X*: X*: X*: X*: X*: (0]
ROXREQFEATAH]

l
D
cK TN N\ N N N S
REA >
—CA ¢

Mx_ADSX |
Mx_AD
Mx_WEX Rekd
Mx_BSTMX] Burst (
Mx_XREQ | 4 4 4 4 4 4
Mx_XGNT e\t N +% +3f +4 7/
Mx_RRDY (

Mx_BSYX

,)\

FRBERICFLER T —2R
TN A S S S

CK N\ N\ N\
Mx_ADSX READ_DATA S - K K
Sisisle s i
Mx_WEX Rekd
Mx_BSTMX] Burst
Mx_XREQ |
MX_XGNT
Mx_RRDY

Mx_BSYX \ /

g7

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

+0f + + +3 A g 7!

//\

CK [\

Mx_ADSX REAR_DATTA S - ¢ ¢
0 |Gt SFFFFF
Mx_WEX Rekd
Mx_BSTMX|\ Burst
Mx_XREQ |\ 4 4 4 4 4 4 /
Mx_XGNT : / A
Mx_RRDY /

Mx_BSYX \ /
N— MEIEERICFLEZT—R

I

—

P
<<
"
Iy
&
~
=
~
&

Figure.A.6: DDR3 1 X 7 = —ADAA IV 7 F ¥ —h (READ S—Z hE—R)
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Appendix B

ASIC iR BE

B.1 QFP208/\v 4o —YHAVHTIIT—R

XC6VT760 &4 GPSUB-ASICEDB( R—&K—R) Ol { > X 72— Ak, O—HIVAEV A VR T x—
ZfEE (824K), LY, 7o vHHIHA V27— AEE AOAR) DG 12 K2 AT B, I 51T,
Ax ¥y VHES AR, 70w, Uty hD2ARKEMAEE 129 K0 ASIC IZHE#HEIND 1/O THS.

F7, MALIZRTEDIZ, 129805 H 20 Al MICTOR I 3 7 XIZEfi X, MICTOR I %2
2O 14 KIZIE, FPGA DY 10 1 IZH#HEIND. §2D05, 129+14=143 KHY, XC6VT60 & %
GPSUB-ASICEDB % ##t 9 255/ Tdh 5.

I6IT, MALITRT LD, R—&FR— REEHAI, CHOB XU CHL (%14 K) 2&IF5HATH
%. CHO & CH1 OF—FZE R r— 7V & D) EEER X, CHO-CHO M, F72I1%, CH1-CHI1 [
B ng Z i3,

ASIC (ROHM/TSMC : QFP208) DY V& IHIZ KDM@ .

e VDD(1.8V) : Gt 12 ¥¥ (11, 32, 52, 63, 84, 104, 115, 136, 156, 167, 188, 208)

e VDDO(3.3V) : 12 €Y (1, 21, 42, 53, 73, 94, 105, 125, 146, 157, 177, 198)

e VSS:Ff24 Y (2, 12, 22, 31, 41, 51, 54, 64, 74, 83, 93, 103, 106, 116, 126, 135, 145,
155, 158, 168, 178, 187, 197, 207)

e JTAG /i TDI, TDO, TMS, TCK, TRST : &5 ¥y (REHEMKHI TN T v F)

e 7OV, VY MNANIEY 1 F 2KV

o —MEEH &Y 153 Y. FHRRAA Y F U ITHHNEVE IR ARYE ViE, ERY VITERER
B, BREY T WEE. BRIV — T IARAL Y F Y THINY T 7 OFBEARE E S
5. FAREALYF U ITFT2HNN\Y T 7%, TOEEDOHIINY 77 E2MLSIOZ Oy 7 A& UK
W, F72, RIANEY T DOREIZE Y G il E.

I7EEF 1.8V, I/O X 3.3V. BFHYE Y 2R< &5 160 ¥ D55 129 A FPGA IZHHR I ND.
ASIC D 1/O (i, BEEIJ) 2mA O R T4 NZ2 #8525, 4, ROHMO0.18 udD I/0 Ny 7 7 IZIFBA N &
B2 2. TSMCO0.18 w iZDWTE [FREDERFIRE ) % HEXE 4 5.

e PC30B01 AHIIH. HIHIEY S LU OEN DA REIFA 22fF (INV X 3 1IZMHY) . OEN X 8 £V
% BRENT 21213 8 % INV AV ZE.

e PC30D01 AJJEH. PAD » 5 CIN OEIEIX ST FO4/FO32 THI 200ps/300ps. INV X 32 £ TH
PEERE) I BE.

e PC30001 HHAEM. 155 PAD DIEHEIZE A 20pF /60pF T 5ns/10ns.
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47 APPENDIX B. ASIC #i5RFSHE
VLR CRANINAXY RNV=23IY
BIINIRRS IINKENRR  F8s8m0m0 @008G30a  OodLdwman
FXX—DFDF FDFDDDFD >D0D0D0CILCC LI LI
OUOSTON—TODONOUTNNTAODONOUTMNNTONDON~NOUTNN—TODONOUNTMON—HOD M O©LD
LSS TITITITITOOOOOOMOOMOOANNNNNNNNNNAAAAAAAAATO OO OO
A A A A A A A A A A A A A A A A A AAAAAAAAAAAAAAAAAAAAAAAAAA A A A
00000000 §0000009 80000008 ©§8005009
oo lahe BLEadbagg 220900000 Febyngge L onToy
[SYoYoYY=Y-Y-Y N aYaYaYaYaYaYaya RSN N XN K =K =N aYaYaYaYaYaYaYa) [aYaYaYaYaYaYaya)
LI L L L [Fre==r==k=] LLLLLLL T L L
157 —— | I_| I_| L Y W T ITIIIIIT Il 1_1_1_1_1 L O T 104
157 SS5555S55 55555555 00000000 SS55S555 2 S5555555 lod
R32 159 CHO[8](I0) C_D[31)(I0) 102 AD26
T32 160 CHO[9](I0) C_D[30](I0) 101 AE26
R31 161 CHO[10(10) C_D[29](I0) 100 AD25
T31 162 CHO[11](I0) C_D[28](I0) 99 AE24
R29 163 CHO[12](I0) C_D[27)(I0) 98 AE33
Roe 15 criolelie) Do) % AGas
P26 166 M_ADSX(OUT) C_D[24](I0) 95 AF33
167 94
168 93
R25 169— PEQ_RESET(IN) C_D[23)(I0) 92 AG32
P25 170———M_BSYX(IN) C_D[22)(I0) 91 AF32
P29 171——M_WEX(OUT) C_D[21](I0) 90 AG31
N29 172———{M_BSTMX(OUT) C_D[20](I0) 89 AF31
P27 173 M_XREQ(OUT) C_D[19](I0) 88 AE29
N27  174———M_XGNT(IN) C_D[18](I0) 87 AF29
N34 175——— M_WRDY(IN) C_D[17)(I0) 86 AE27
P34 176——{M_RRDY(IN) C_D[16](I0) 85 AF27
177 84
178 83
N33 179—— TCK(IN) C_XINT(IN) 82 AE25
P33 180 GND C_XACK(OUT) 81 AF25
P32 182 TRST(N) AR 7 AG30
N31 183— TMS(IN) C_A[2](0UT) 78 AF28
P31 184—— TDO(OUT) CZA[1](0UT) 77 AG28
N30 185 GND C_A[0](OUT) 76 AF26
P30 186 CLK(IN) — VDDI(1.8V) CZWEX(OUT) 75 AG26
187 74
188 — VDDE(3.3V) 7
N26 189 M_BEX[0](OUT) C_D[15](I0) 72 AG29
M26 190 M_BEX[1](OUT) VSS C_D[14](I0) 71 AH29
N25 191 M_BEX[2](OUT) CD[13](I0) 70 AH34
M2 193 MBEX(AllOUT i ol 6 A3
129 104 M_BEX[5](OUT Rohm-0.18 5x5mm:1 milion gates C_D[10](I0) 67 AJ33
Nz5 190 M BEXTIOUT C-olo810) N
197 - QFP208 - 64
198 63
M27  199——M_STAT[O](IN) C_D[07)(I0) 62 AK31
127 200———{M_STAT[1](IN) C_D[06](I0) 61 AJ31
L34 201—CH1[8](I0) C_D[05](I0) 60 AK34
M34  202——— CH1[9](I0) C_D[04](I0) 59 AL34
L33 203 CH1[10)(10) C_D[03](I0) 58 AK33
M33 204 CH1[11](I0) C_D[02](I0) 57 AL33
132 205 CH1[12](I0) C_D[01](I0) 56 AK32
M32 206 CH1[13](I0) C_D[00](I0) 55 AL32
207 54
208 00000000 00000000 §0000000 000030000 53
SSaRIwes  ®Bzooyasn 2990900090 ShEHoTND  SRSNAle:
[aYaYaYaYaYaYayaglliliaYaYaYaYaYaYaYa) SRR ) S aYaYaYaYaYaYaYa) [aYaYaYaYaYaYaYa)
LLLILL L LLLILL L dddddddd L L L L L LI
L O O T L O T ITIIIIIITIT I_1_1, I_1_1_1 | I_| I_|
=S=2=Z=2=2=2=Z= = QO000OLO0O = =
OOANMNMTNONODDOANMINONONOTANMNMITLONDNDOANMINONODO N
AAAAAAAAAANNNNNNANNANNDOOOONONONTIITIITIITIITIOWOW
AdHdoontod Do~ womM O0Qo~N Ny A 400D TN A
9SNQNQeC  9af4USsC  SPaNPefs  2RYNFRGY R8IoRenR

Figure.B.2: QFP208 DY VAlE (JHHUDE S & XILINX O G V&S (BLRIEMR))
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