OobocHoBKa Ha nipexoaa oT x86 kbM ARM 3a qucnuniauHata « MUKponpouecopu» Ha cneruainoct «CUT»
om en. ac. 0-p unoic. Jlvuesap I'eopeues, kameopa KHT, ®UTA, TV-Bapna

Koneru, npenu noseye ot 10 roaunu Hue, npenojasatenute 1no aucuuminHata « MIIT», npoBeroxMe maMeTHa cpelua, Ha KOsTO Ciell O)KUBEHa AUCKYCHS HaJIels
MHEHHETO, Y€ € BpeMe Jla IpeMUHEM 0T 8-0uToBust Mukporporecop «CM601» (MC6800), koiito ce usydasaiie gororasa, kbM 16-6urous 18086/8088. Koiito e nmpuchcrBai
Ha Ta3u cpellla, CUI'YPHO CH 5 CIIOMHsL. JIOIIJIO € BpEeMETO OTHOBO Jla HOCTaBUM BBIIPOCA 32 MPOMSHA HAa U3Y4aBaHUsI MUKPOIPOLIECOP, TO3H BT OT 16-OMTOB KbM 32-0MTOB.
Toit moxe na 6bae nim 80x86, wim ARM. OrnaBHa konerata ['eopru BepOaHoB (Beue neHcHoHep) npeiara na n3oepeM ARM. Tasu roauHa TOBa MPEUIOKH U BOACIIUST
mucupuinaate «MIITT» ' «Mukponponecopu» gou. a-p Tomop I'anues. Cnen kato ce 3amo3HaXx ¢ OCOOCHOCTHTE Ha CeMEHCTBOTO Mukpompouecopu ARM, toBa
MPe/UIOKEHNE TTOKPENUX U a3. B cieiBanyre ABe CTpaHUIM 1Ie CE ONUTaM Jja 000CHOBA TOBA C MPUMEPH U (DaKTH...

; Bppuu B EAX Haii-MaskoTo 0610 kpaTHo (HOK) Ha uncaara 8 EAX u EDX // Bbpuu B RO Haii-mankoTo 0610 kpaTHo (HOK) Ha uncnara B RO u R1
// (npousBejeHHeTo UM TPsi6Ba a e 0 32 6UTa MOpajy OrpaHHYEHHETO Ha
global _lemult // xomangara UDIV; ARMv7 HsiMa KOMaH/a 3a ieJieHe ¢ 64-GUTOBO JieJIMMO).
Iemult:
MOV EBX,EAX ; cbxpaHu uucioTo A .global lemult
MoV ECX,EDX ; cbxpaHu uucaoTo B Iemult:
MUL EDX ; EDX:EAX=A*B STR LR,[SP,#-4]!//Cbxpanu LR, 3amoTo BL 1ie ro npomMenn!
XCHG EAX,EBX ; EAX = A, EBX = mnagma_ayma(A * B) MUL R2,R1,R0 //R2=A*B (uama cmuchba ot UMULL, 3amoro nsama UDIVL)
XCHG EDX,ECX ;EDX= B, ECX = crapuwa_syma(A * B) BL GCD // namepu HO/I(A, B)
CALL GCD ; Hamepu HO/I(A, B) uDIv RO,R2,R0 //RO=A*B /HO/(A, B) = HOK
XCHG EAX,EBX ; EAX = miaama_nyma(A * B), EBX = HO/l LDR PC,[SP],#4//BbpHu ce B U3BHKBalaTa Mporpama
MoV EDX,ECX ; EDX = crapma_ayma(A * B) GCD:
DIV EBX ;EAX=A*B/HO/I(A, B) = HOK .include "gcdivis.s"
RET ; (Mpu feseHeTO € Bb3MOXKHO NMpenbiBaHe, HULo ye HO/J[ > 0)
GCD:
%include "gedivis.nas"
; Bbpuu B EAX Haii-rosiemus o6y iennTesn Ha unciata B EAX u EDX // Bbpuu B RO Haii-rosemus o6uy genuTes Ha uucaaTa B RO n R1
; (anropuTsM - EBKIMA 0T Anekcanpus, peanusauus: Paul Hsieh). // (anroputsm - EBKINA OT Anekcanapus).
NEG EAX ; unsigned ged(unsigned a, unsigned b) ORRS R3,R0,R1 1/
JE L3 | MOVEQ RO#1 1/¢
L1: NEG EAX H && b == 0) return 1; CMPNE  RL#0 JI\—
XCHG EAX,EDX A\ ) return a; BXEQ LR //
L2: SUB EAX,EDX S\ ) CMP RO,#0 1/ if(a!=0)
JA L2 5\ while (a!=b) MOVEQ RO,R1 //  __ while(al=b)
JB L1 H if (a<b) L1: CMP RO,R1 11—/ if (a<b)
L3: ADD EAX,EDX A\ b-=a; SUBLO  R1,R1,RO //
JNE L4 S\o elsea-=b; SUBHI RO,RO,R1 // elsea-=b;
INC EAX B return b; BNE L1 // return b;
L4: RET B BX LR 1/}
;unsigned getVLQ(unsigned char **src) /*
H{ // mpoyeTH BeJMYHHA C TPOMEH/IMBA J'b/DKHHA unsigned getVLQ(unsigned char **src)
; unsigned char c, *p = *src; // (Bx. Standard MIDI-File Format Spec. 1.1) { // npoyeTH BeJMYHHA C IPOMEHJIMBA JbJDKHHA
; unsigned value = *p++; unsigned char ¢, *p = *src; // (Bx. Standard MIDI-File Format Spec. 1.1)
5 if (value & 0x80) { unsigned value = *p++;
; value &= 0x7f; if (value & 0x80) {
B do value &= 0x7f;
5 value = (value << 7) + ((c = *p++) & 0x7f); do
5 while (c & 0x80); value = (value << 7) + ((c = *p++) & 0x7f);
;) while (c & 0x80);
;3 *sre=p; }
; return value; *src=p;
B return value;
}
global _getvlq ; B GCC gexnapupaii ¢ __attribute__((fastcall)) */
_getvlq:
PUSH ESI ; src=ECX, c= AL, p = ESI .global  getvlq
XOR EDX,EDX ; value ce cherassa B EDX getvlq:
XOR EAX,EAX ; crapuuTe 3 Gaiita TpsAGBa Aa 6bAaT 0 B HAYa0TO STMFD  SP!{R4,LR} //Cbxpanu usnonzpanute peructpu (ARM IHI 0042F)
MOV ESL[ECX] ; HOJIyYM yKasaTeJis K'bM II0TOKa OT JJaHHH LDR R4,[R0O] //src=R0,c=R1,p=R4
JMP SHORT L2 ; IPEMHMHH K'bM T10Jly4aBaHe Ha 'bPBUA GalT MoV R2,#0 // value mie ce HaTpynBa B R2
L1: AND AL,7FH ; MacKMpaii 6uT 7, ocTaBu 3HauewuTe GuTose 0-6 L1: LDRB R1,[R4],#1 // noJyuu cieaBauus GaiT U 06HOBH ajpeca
OR DL,AL ; »CIJIO6K" Haii-MJIa/Ins 3acera GanT AND R3,R1,#0x7F // Mackupaii 6uT 7, ocTaBM 3Havelure 6utose 0-6
SHL EDX,7 ; value <<= 7 ORR R2,R3,R2,LSL #7 //value <<= 7, ,crno6u” Hail-MIaAIIKs 3acera GalT
L2: LODSB ; HOJIyuH ciefiBaius 6aiT 1 0GHOBY afpeca CMP R1,#0x80 // uma siu ome GaiiToBe?
TEST ALAL ; MMa Jiu ole 6aitoBe? BHS L1 // Aa, npoabKKA
S L1 3 J1a, IPO/IbJIKH STR R4,[RO] // He, CbXpaHH yKa3aTeJisi KbM CJeJiBalliuTe JaHHH
OR EAX,EDX ; He, BbPHHU cTOMHOCTTA B EAX MOV RO,R2 // BBpHHU cTOlHOCTTa B RO
MoV [ECX],ESI ; CbXpaHH yKa3aTesl KbM CJIe/iBalUTe JaHHH LDMFD  SP!{R4,PC}
POP ESI ; Bb3cTaHoBH ESI (CGG u3KckBa Toii Jja ce 3anasu)
RET
;unsigned char *putVLQ(unsigned value, unsigned char *dest) // 3anumu BITJ{ /*
i // (Bx. Standard MIDI-File Format Spec. 1.1) unsigned char *putVLQ(unsigned value, unsigned char *dest) // sanuiu BI1/|
; unsigned buffer = value & 0x7f; { // (Bx. Standard MIDI-File Format Spec. 1.1)
while ((value >>=7) > 0) { unsigned buffer = value & 0x7f;
; buffer <<= 8; while ((value >>=7) > 0) {
5 buffer |= 0x80; buffer <<= 8;
B buffer += value & 0x7f; buffer |= 0x80;
e} buffer += value & 0x7f;
5 for (55){
5 *dest++ = (unsigned char)buffer; for () {
H if (buffer & 0x80) *dest++ = (unsigned char)buffer;
H buffer >>=8; if (buffer & 0x80)
H else buffer >>=8;
H return dest; else
3 return dest;
i} }
}
global _putvlg ;void __attribute__((fastcall)) putvlq(...) { */
_putvlq: ;//value ce npeaasa B ECX, dest - B EDX
MoV EAX,ECX ;//buffer e yno6no sa 6'b/1e B EAX 3apaan STOSB .global  putvilq // Perucrpu: value = RO, dest = R1, buffer = R2
XCHG EDX,EDI ;//cpxpanu EDI, STOSB nsucksa dest ja e B EDI putvlg: //putVLQ(unsigned value, unsigned char *dest) {
AND EAX,7FH ;  buffer = value & 0x7f; AND R2,R0,#0x7F //  unsigned buffer = value & 0x7f;
L1: SHR ECX,7 ; while ((value >>=7) > 0) L1: MOVS RO,RO,LSR #7 //  while ((value >>=7) > 0) {
JZ L2 5 q MOVNE R2,R2,LSL #8 1/ buffer <<= 8;
SHL EAX,8 B buffer <<= 8; ORRNE  R2,R2,#0x80 // buffer |= 0x80;
OR AL,80H B buffer |= 0x80; ANDNE  R3,R0,#0x7F // buffer += value & 0x7f;
OR AL,CL 5 buffer |= value & OxFF; ADDNE  R2,R2,R3 /3
JMP L1 5 or(G5){ BNE L1 //—/for (;;){
L2: STOSB H *dest++ = (unsigned char)buffer; L2: STRB R2,[R1],#1 // *dest++ = (unsigned char)buffer;
OR ALAL H if (buffer & 0x80) TST R2,#0x80 // if (buffer & 0x80)
JNS L3 H { MOVNE R2,R2,LSR #8 // buffer >>=8;
SHR EAX,8 B buffer >>=8; BNE L2 // else return;
JMP L2 H } MoV RO,R1 /)
L3: MoV EAX,EDI 5 else return dest; BX LR /1
MoV EDLEDX ;)
RET B




Ha ropuute Tpu npumepa ca JaJeHH ONTUMM3HPAHM JIMHEHHU M LIMKIMYHO-PA3KJIOHEHM IporpaMu — BISIBO BbB BapuaHT 3a 80x86, a BascHo — 3a ARM.

Apxutekrypata ARM e RISC u e cp3naneHa no-kscHO ot x86, kosato e CISC. Ilect BaxkHu dakTopa mpasst nporpamute 32 ARM mo-kpatku ot Te3u 3a 80x86:

1. Hanuuuero Ha 13 pecucmuvpa 3a obia ynorpeda cpeury 7 3a 80x86.

2. Hanunuuero Ha 3 do 4 onepanda Ha KOMaHAa NIPU APUTMETHYHO-JIOTHYECKHUTE oneparuu cpenty 2 3a 80x86 u gopu camo 1 3a YMHOKEHHETO U AENEHETO (HauCTHHA
xomannara /MUL (80186+) uma 3-onepanieH BapHaHT, a Hikod HoBu FMA4- n XOP-xomanau umat 10 5 onepaHza, HO ca TBBPJE CIIOXKHH).
BB3MokHOCTTa Besika KOMaHIa a Obe HaIpaBeHa YCl06HA.
BB3MoxHOCTTA 32 H300p Ay KOMaHIATa ja npomeHs (iazogenie UK He.
Bb3MoxxkHOCTTA /1a ce paboTH C uzmecmerno KOIKE Ha JGCHHUS OTepaHl.
OpmozoHnannusm HaOOp OT KOMaHAM U aapecHH pesxuMu (Ha 80X86 € HEOPTOTOHATIEH).
Ha cnenBamus npumep € JjajeHa ONTMMHM3HpaHa JIMHelHa nporpama (BisBo 3a 80x86, BascHo 3a ARM), Ha ymiiTo pasmep Te BIUSAT OCOOEHO CEPHUO3HO, a HA
MOCJICIHNS — ONTHMM3MPAHA [IMKINYHA IporpamMa 3a X86 (BJIIBO) U ChOTBETHA JMHEWHA 32 ARM (BAsiICHO), Bp3MOKHA OJaronapeHue Ha KoManaara RBIT. Cuutam, 4e Te3u
(akTopu U 0COOCHO MOCIESTHUAT LIE YICCHAT 3HAUUTEIHO M3ydaBaHETO Ha e3MKa AceMOliep OT CTYASHTHTE, ako MpeMuHeM oT X86 kbM ARM. 3a ToBa Ie COMOTHE U
KpaTKHAT, HO M34YEPIATENIeH CIIPAaBOYHHMK 3a KOMAaHAUTE U aapecHuTe pexxumu Ha ARM, umsarto Bepcus ot 1999 r. e camo 3 crpanuum. Bepcusra ot 2003 r. Beue e 6
CTPaHUILIM, HO TI0-HOBUTE KOMaH/IM TaM CE M3II0JI3BAT PSAKO U MOXKEM Jia C€ OrpaHH4uM 110 56-Te, Hamuyau 10 1999 r. mitoc RBIT u UDIV, 6e3 Te3u 3a paboTa ¢ KOIPOLEecop
(3a cpaBHeHue, MukponpouecopsT 18086 uma 80 komMaH 1, ako OPOMM BCHUUKH YCJIIOBHH IPEXO/IH 32 €JHA KOMaH/a Jcc).

A

; 64-6uToBUTE YnC/Ia Ge3 3Hak B perucTpu EDX:ECX (Y1:Y0) u EBX:EAX (Z1:Z0) na ce // 64-6utoBuTe uncia Ge3s 3Hak B peructpu R3:R2 (Y1:Y0) u R1:RO (Z1:Z0) na ce
; YMHOXAT U 128-GUTOBUAT pe3ysTaT Aa ce BbpHe B per. EDX:ECX:EBX:EAX (A:B:C:D). // yMHOMKaT 1 128-61UTOBUAT pe3yJiTaT ja ce BbpHe B per. R3:R2:R1:R0 (A:B:C:D).
; AnropurhM: Peter Norton, "Advanced Assembly Language”, 1991, ctp. 229-230 // AnroputbM: Peter Norton, "Advanced Assembly Language", 1991, ctp. 229-230
global _um64x64 .global  um64x64
_um64x64: ume64x64:
PUSH ESI STMFD  SP!{R4-R9,LR} //Cobxpanu usnonspanure peructpu (ARM IHI 0042F)
PUSH EDI UMULL  R6,R9,RO,R3 //R9:R6 =70 *Y1
PUSH EBP UMULL  RO,R5,R2,R0 // R5:R0 =C:D =Z0*Y0
MOV ESLEAX; Z0 MoV R7,#0 //A=0
MoV EDLEDX; Y1 ADDS R5,R5,R6 // C=cr.a(Z0 *Y0) + mz.(Z0 * Y1)
PUSH EDX ; cbxpanu Y1 ADCS R9,R9,R7 // cr.a.(Z0 * Y1)
MUL ECX ;Z0*Y0 ADC R7,R7,R7 //A
XCHG EAX,ESI ; ESI=D =mn.z.(Z0 *Y0), EAX =Z0 UMULL  R8,R6,R1,R2 // R6:R8=7Z1*Y0
XCHG EDX,EDI ;EDI=C=cr.a.(Z0 * Y0), EDX = Y1 UMULL  R4,R3,R1,R3 //R3:R4=271*Y1
MUL EDX ;Z0*Y1 ADDS R1,R5,R8 // C=cT.a(Z0 *Y0) + mr.(Z0 * Y1) + ma.(Z1 * YO)
XOR EBPEBP ;A=0 ADCS R9,R9,R6 //B=cr.a.(Z20*Y1) + cT.A.(Z1 * YO)
ADD EDLEAX ;C=cr.a.(Z0 * Y0) + max.(Z0 * Y1) ADC R7,R7,#0 //A
ADC EDX,EBP ;cr.n.(Z0 * Y1) ADDS R2,R9,R4 //B=cr.a.(20*Y1) + cr.a(Z1 *Y0) + mna.(Z1 * Y1)
ADC EBP,EBP ;A ADC R3,R3,R7 // A=cr.a(Z1*Y1)
XCHG EDX,ECX ;ECX=B=cT.a.(Z0 * Y1), EDX = Y0 LDMFD  SP!,{R4-R9,PC} // Bb3CTaHOBH PerMCTpUTE U BbPHU YNPaBJIeHHETO
MOV EAXEBX ;Z1
MUL EDX ;Z1*Y0
ADD EDLEAX ;C=ct,a.(Z0 * Y0) + maa.(Z0 * Y1) + maa.(Z1 * YO)
ADC ECX,EDX ;B =cr.a.(Z20 * Y1) + cT.A.(Z1 *YO)

ADC EBP,0 ;A
XCHG EAXEDI ;EAX=C
XCHG EAX,EBX ;EAX=Z71,EBX=C

POP EDX ; Bb3CTaHoBU Y1

MUL EDX JZ1*Y1

ADD ECX,EAX ;B=cr.A(Z0 * Y1) + c1.4.(Z1 * YO) + mu.A.(Z1 * Y1)

ADC EDX,EBP ;

XCHG EAXESI ;EAX=D

POP EBP

POP EDI

POP ESI

RET
; Jla ce HanMIIe MoANpPOrpaMa, KoATo Ja 06pblia OrieaaHo GUTOBETE HA ABOWHATA // lla ce Hanuuie mognporpama, KOsATo Aa 06pbIla oreanHo GUTOBETe Ha JBOMHATa
; ayma B peructpu EDX:ECX. // nyma B peructpu R1:RO0.
global _bitrev64 ; B GCC gexsapupaii ¢ __attribute__((fastcall)) .global  bitrev64
_bitrev64: ; MyagmaTa ayma ce npesasa B ECX, crapuara - B EDX bitrev64:

XCHG EAXECX ; OcoGoau ECX MoV R2,R1

MOV ECX,32 ; MHuuuanusupaii ro kato 6posiy Ha 6UTOBE RBIT R1,R0

SHL EDX,1 ; U3Besu Haii-cTapmus 6ut B CF RBIT RO,R2
L1: RCR EAX,1 ; BpBeau Haii-crapuus 6uT ot CF, u3Beau TaM Hal-M/Iamus BX LR

RCL EDX,1 ; BbBeau Hal-miaawus 6uT ot CF, u3Beau TaM Hal-cTapluus

LOOP L1 ; CrefBaia uTepanus Ha [UKbIA

RET

BuHaru cbM HpeAIIOYNTaT MUKPOIIPOLIECOPUTE ¢ OPTOTrOHAIeH Habop oT komaHau. IIpekpaceH mpumep 3a ToBa e cemeiictBoro M68K, koero, yBH, OT/aBHA HE ce
npousBexzaa. 3a pagoct, ARM cbiio uMa opToroHaseH Habop OT KOMaHAU U 3a pa3nuka oT M68K, cTaBa Bce mo-aktyaneH. Bceku cTyieHT Bede UMa TaKbB MUKPOIIPOLIECOD
B [pK0Oa cH B OyKBalHUs CMUCHI Ha Aymara. HaHokommooTepsT «Orange Pi PCy, Ha KOHTO e ce BOAST yNpaXHEHHUATa, CTPyBa caMo 44 1iB. 1 uMa 4-sApeH MUKPOIPOLIECOP
H3 (Cortex-A7) ¢ pabotHa yecrota 1,6 GHz u 1 GB RAM, koerto no3BoisBa padorara ¢ onepanuoHHara cucrema «Linux» Ha paboThHu craniuu tun «thin client» BmMecto
PC. ¥ Hac ce npozaasa u no-MomHusAT HaHOKOMImOTEp «ODROID-XU4» ¢ 8-aapen mukpormpouecop Exynos 5422 (Cortex-A15/A7) u 2 GB RAM, koiito ctpysa 189 nB., a n
ol J0CTa BUIOBE HAHOKOMITIOTPH, HSKOHM OT KOMTO MPOU3BEX/A INIOBAUBCKATa hrpMa «OIUMEKC).

Ipe3 mecen ¢eBpyapy MUHaIaTa FOJ¥HA, KOraTo U3pabOTBaXMe HOBUTE y4eOHHM IUIAHOBE, HACTOSX Ja ce 3amasu aucruiuinHata « MIIT» 3a cnenumannoct «CUT»,
3aI[0TO B HUTO €AHA ApyTra IMCLUHUILIHHA He ce M3ydaBa AceMOiep, a CTy[IeHTHTe He MO3HABaT JOpH Henus e3uk C U He MOoraT ja IporpaMupar Ha HHCKO HHBO. Thil KaTo B
Ta3W CICNUAIHOCT He ce m3ydaBa aucruuimHa «MIIC», mom. PyckoBa mpemnoxku T Aa ce mpeuMeHyBa Ha «MHKpomIponecopu», ¢ KoeTo a3 ce cbriacux. OT Tasu
JMCLUIUIMHA HE 3aBHCH HUKOS JIPyra M 3aTOBa CIIOKOHHO MOXKEM J@ CMEHHM H3y4aBaHHs MHKpOIMpOLecop, Oe3 MpoMsHaTa fa ce OTpa3H Ha KakBOTO W Aa e. OCBeH ToBa
11a00paTOPHHUTE YIpPaXHEHHUs 110 HEes CE BOMIT CaMO OT MEH M Ta3d HPOMsHA HsAMa fJa IOBJIHse Ha Koierurte, kouto Bomar «MIIT» Ha cnenmamsoct «KCTy». Taka
JMCHHUIITHHATA «MHKpOMponecopyu» Iie ce MpeBbpPHE B MUIOTHA 3a MPOBEPKa Ha MPABHIHOCTTA Ha MpejiaraHata mpoMsHa. Ciex BpeMe TS MOKe Ja ce HalpaBH H 3a
criepainHocT «KCT». B nnTepec Ha uctnHata, Gpupmara «Intel» HimMa HaMepeHue Ja ce MpeaaBa U 3aToBa Ce 04ePTaBa MHOTO IBJITO IPOTHBOOOPCTBO MEX/LY apXUTEKTYPHTE
x86 1 ARM npu BCHYKH BHJIOBE KOMITIOTPU 0€3 JPKOOHUTE U HAHOKOMMIOTpUTE, KbaeTo ARM Beue e nobeauia. 3aroBa MUCI, 4e e Obae 1oope Ha cnenuanHoct «KCT»
Jla IPOIBIDKH J1a Ce MPEMo/iaBa U No-cTapaTta apxurekrypa 80x86 mos Hskaksa Gopma.

Hpez[naraM CJicaHaTa TCMaTUKa Ha HY, OCHOBaHa Ha CTapaTta y‘IB6Ha TIporpama, HO C YAap€HUE BBPXY MOOUTOBH onepanvu u pa60Ta C MaCWBH U HU30BE:

3ano3HaBaHe ¢ HaHOKoMIIOTHpa, OC Linux, peaakropa nano u nporpamara make. IToourosu oneparmu B C u C++. Bitset. /[Bonuen Bxoa/uzxon Ha C++.
Iporpamen Mozen u Tabauua ¢ KOMaHIH ¥ aapecHu pexxumu Ha ARM. «31paseii, cBsat!» Ha Acembiuep. HacTpolika u o)xuBsiBaHe Ha niporpamara ¢ gdb.
Komanau 3a npexBbpisiHe Ha JaHHU. APUTMETHYHHU KOMaHu. JInHeitHn nporpaMu Ha AcemOuiep. 64-0uToBO yMHOXKEHHUE ¢ pe3ynrTaT 128 6ura Oe3 3HaK.
Komanu 3a npeiaBaHe Ha yIpaBiIeHHETO. Y CIIOBHH U 0€3yCIIOBHU Npexoau. PaskiioHeHu nporpamu. M34ncisBane Ha Moyia Ha 64-0MTOBa pa3inKa.
Huxmnyan nporpamu. U3uucnsasane Ha HOK u HO/I Ha nBe 32-0utoBu umcna. M3uucisBaHe Ha Ls1aTa 4acT Ha KBaJpaTHUS KOPeH Ha 64-0UTOBO 4UCIIO.
Komanau 3a manunynanus Ha 6urose. OriienanHo oopbliaHe Ha 64-61ToBo uncio. IIpecmsrane Opost Ha ChBHAgaIUTE OUTOBE B TPH 32-OUTOBH YHCIIA.
IIbpBa KOHTpOIHA paboTa.

Komanau 3a pabora ¢ namerra. Metonu 3a agpecauust. Onepanun BbpXy CHMBOJIHE HU30BE. AHAJIN3 Ha HEKOMEHTHPaHa [porpaMa 3a 00paboTka Ha HH3.
9. ApurmeTH4HM 33j1a4d. 3aaun 3a paboTa ¢ MacuBH. 3anuc Ha 6 yrcia Ha CuiBecTbp B MacuB. I1ocie10BaTeIHO ThpceHe Ha 64-OUTOBO YHCIIO B MAcHB.
10. 3amauu 3a pabota ¢ macuBu — 4act II. CopTipaHe BbB Bb3XO/SII pEJ HA MaCHB 10 METO/ja Ha BMBKBAHETO M JABOUYHO ThPCEHE B COPTHPAH MACHUB.

11. Baauu 3a pabora ¢ macuBu — 4act III. CopTupaHe BbB BB3XO/ISII PE/l Ha MACHB 110 METO/Ia «IIMPaMUIAITHO COpTHpaHe». bbp3oaeiicTBre Ha MeTOIa.

12. 3anaun 3a pabota ¢ Hu30Be OT GaiiToBe. UeTeHe OT U 3amKc B HU3 OT OaliToBe Ha 28-0MTOBU BEJIMUMHY C IPOMEHIINBA ABJDKUHA.

13. Bropa xoHTpoOIHA paboTa.
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14. TIpeoGpa3yBaHe OT CHMBOJICH HU3 B JIeCeTHYHA OpOiHA cUCTeMa B YMCIIO U 0OpaTHO. YeTeHe oT u 3anuc B HU3 Ha 32-6uroB UHTepHeT-anpec (IPv4).
15. IIpeoGpasyBate OT CHMBOJICH HU3 B IECTHAICCETHYHA OpOifHA CHCTeMa B YHCIIO U 00paTHO. UeTeHe oT u 3amuc B Hu3 Ha 48-6utoB MAC-ampec.

Iporpamure Ha Acembuiep 6e3 «3npaseid, cBAT» UMat TecToBU nporpamu Ha C. [IpenaBaHeTo Ha mapaMeTpu KbM nporpamute Ha AcemOuiep ce Buxaa B gdb. To craBa
B peructpu RO-R3 ceriacHo «Procedure Call Standard for the ARM Architecture» (ARM IHI 0042F). Vima u MHOr0 KOHTPOJIHO-M3ITUTHY 3a[[a4H.

CHucek oT 3arjiaBus, OT KOUTO MOraT aa c€ n36epaT TIOAXO AU 3a pa3aeiia «HuTepaTypa» Ha yqeGHaTa Iporpama, € 1aji€H TyK.

JIbuesap I'eoprues,
ronu/aBryct 2017 r.

ILII. Cnex xato Hammucax TOPHOTO, IPOYETOX CIIENHOTO B KHUrarta Ha no. Jlapu [Taiter «Modern Assembly Language Programming with the ARM Processor»:

«Traditionally, assembly language courses have consisted of a mechanistic learning of a set of instructions, registers, and syntax. Partially because of this approach, over the
years, assembly language courses have been marginalized in, or removed altogether from, many CS and CE curricula. The author feels that this is unfortunate, because a solid
understanding of assembly language leads to better understanding of higher-level languages, compilers, interpreters, architecture, operating systems, and other important CS
an CE concepts.

(-]

Because of their ubiquity, x86 based systems have been the platforms of choice for most assembly language courses over the last two decades. The author believes that this
is unfortunate, because in every respect other than ubiquity, the x86 architecture is the worst possible choice for learning and teaching assembly language. The
newer chips in the family have hundreds of instructions, and irregular rules govern how those instructions can be used. In an attempt to make it possible for students to suc-
ceed, typical courses use antiquated assemblers and interface with the antiquated IBM PC BIOS, using only a small subset of the modern x86 instruction set. The program-
ming environment has little or no relevance to modern computing.

Partially because of this tendency to use x86 platforms, and the resulting unnecessary burden placed on students and instructors, as well as the reliance on anti-
quated and irrelevant development environments, assembly language is often viewed by students as very difficult and lacking in value. The author hopes that this
textbook helps students to realize the value of knowing assembly language. The relatively simple ARM processor family was chosen in hopes that the students also learn that
although assembly language programming may be more difficult than high-level languages, it can be mastered.

The recent development of very low-cost ARM based Linux computers has caused a surge of interest in the ARM architecture as an alternative to the x86 architecture, which
has become increasingly complex over the years. This book should provide a solution for a growing need.

Many students have difficulty with the concept that a register can hold variable x at one point in the program, and hold variable y at some other point. They also often have
difficulty with the concept that, before it can be involved in any computation, data has to be moved from memory into the CPU. Using a load-store architecture helps the stu-
dents to more readily grasp these concepts.

Another common difficulty that students have is in relating the concepts of an address and a pointer variable. You can almost see the little light bulbs light up over their
heads, when they have the “eureka!” moment and realize that pointers are just variables that hold an address. The author hopes that the approach taken in this book will make
it easier for students to have that “eureka!” moment. The author believes that load-store architectures make that realization easier.

Many students also struggle with the concept of recursion, regardless of what language is used. In assembly, the mechanisms involved are exposed and directly manipulated
by the programmer. Examples of recursion are scattered throughout this textbook. Again, the clean architecture of the ARM makes it much easier for the students to under-
stand what is going on.

Some students have difficulty understanding the flow of a program, and tend to put many unnecessary branches into their code. Many assembly language courses spend so
much time and space on learning the instruction set that they never have time to teach good programming practices. This textbook puts strong emphasis on using structured
programming concepts. The relative simplicity of the ARM architecture makes this possible.

One of the major reasons to learn and use assembly language is that it allows the programmer to create very efficient mathematical routines. The concepts introduced in this
book will enable students to perform efficient non-integral math on any processor. These techniques are rarely taught because of the time that it takes to cover the x86 instruc-
tion set. With the ARM processor, less time is spent on the instruction set, and more time can be spent teaching how to optimize the code.

The combination of the ARM processor and the Linux operating system provides the least costly hardware platform and development environment available. A cluster of 10
Raspberry Pis, or similar hosts, with power supplies and networking, can be assembled for 500 US dollars or less. This cluster can support up to 50 students logging in
through ssh.

[.]
The main objective of this book is to provide an improved course in assembly language by replacing the x86 platform with one that is less costly, more ubiquitous, well-
designed, powerful, and easier to learn.»

(cTp. xxi—xxiii)

«When learning assembly language, the specific instruction set is not critically important, because what is really being learned is the fine detail of how a typical stored-
program machine uses different storage locations and logic operations to convert a string of bits into a meaningful calculation. However, when it comes to learning assembly
languages, some processors make it more difficult than it needs to be. Because some processors have an instruction set that is extremely irregular, non-orthogonal, large, and
poorly designed, they are not a good choice for learning assembly. The author feels that teaching students their first assembly language on one of those processors
should be considered a crime, or at least a form of mental abuse. Luckily, there are processors that are readily available, low-cost, and relatively easy to learn assembly
with. This book uses one of them as the model for assembly language.»

(ctp. 7-8)
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